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This month's 
contributors 
include... 


Tim Jardine 
Astro imager 
Tim reviews 
the William 
Optics 
GT71 apo 
refractor, a 
2.8-inch instrument that 
delivers great night-sky 
views. Page 94 


Sandra Kropa 


Science journalist 


Sandra 
reviews Mars: 
The Pristine 
Beauty of 
the Red 


Planet — images that might 
make a Mars Golden 
Record. Page 102 


Ben Skuse 


Astronomy writer 


Ben asks 
what the 
James Webb 
), Space 
d '* Telescope 


could tell us about our 
cosmic back yard — quite 
a lot, it seems. Page 32 


Robert Lucas 
Amateur astronomer 


a Robert 
explains 
how you 
can protect 

‘ a pillar 


mounted scope with a 
simple mod to a plastic 
garden shed. Page 8] 
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The confounding nature of gravity explained —- kind of 


» There’s a big contradiction 
in physics and astronomy, 
and it’s all to do with 
gravity. On the human 
scale it keeps our feet on 

« the ground, yet on the 

SS cosmic scale astronomers 
\ observe an opposite 
effect, with the expansion of the Universe 
speeding up. From one point of view, no 
such force even exists! And it doesn’t end 
there — cosmology writer Marcus Chown 
uncovers more paradoxes in the confusing 
nature of this force on page 38. 

There’s another mystery explored on page 
73, where astronomy author Govert Schilling 
looks at the quandary caused by intense bursts 
of radio waves observed thousands of times 
each day. The latest progress in explaining 
these fast radio bursts is revealing a Universe 
far weirder than we could have imagined. 

There are plenty of unanswered questions 
in our own Solar System, too. On page 32 
science writer Ben Skuse describes what the 
James Webb Space Telescope will do to shed 
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light on the puzzles of the planets. And we 
look to the centre of the Solar System with 
our guide to observing the Sun in white light 
on page 67. There are many ways to get safe 
views of sunspots and other details on our 
nearest star — whether you decide to buy the 
kit or make it yourself, we’ve got it covered. 
Enjoy the issue! 


Chris Bramley Editor 


PS Next issue goes on sale 22 June 
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at Night team will be 
exploring in this month's 
episode on page 19 


reviews, competitions, 
astrophotos, observing 
guides and our forum 


latest issue, plus news 
from the magazine and 
updates to our website 


Magazine team discuss 
the latest astro news in 
our monthly podcast 


to keep up with the 
latest space stories and 
tell us what you think 


issue on your iPad or 
iPhone, now with bonus 
video and images 
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el he 
gian 


opposition 


The Hubble Space Telescope snapped this portrait 
of Jupiter as the planet made its closest approach 
to Earth in a year, 670 million km 


HUBBLE SPACE TELESCOPE, 3 APRIL 2017 


t 


On 7 April, the gas giant Jupiter reached Also visible is the Great Red Spot at the 
opposition, placing it opposite the Sun in the bottom left of the image, one of Jupiter's 

sky from Earth’s perspective and putting our many raging storms, and by far its most 
planet in the middle of the two largest bodies famous. This powerful anticyclone is thought 
in our Solar System. This made for some to have lasted for more than 300 years and is 
fantastic opportunities to observe and image larger than Earth, but has been known since 
Jupiter, as the planet appeared brighter in the late 1880s to be shrinking in size. 

the sky than at any other time in the year. This image is part of the Outer Planet 


Hubble’s Wide Field Camera 3 was used to Atmospheres Legacy programme, which 
take this incredible image of the planet, under — sees Hubble dedicate time every year to 
the control of a team led by Amy Simon of observing the outer planets of our Solar 
NASA's Goddard Space Flight Center in the System. By continuing to point our most 
US. They were able to capture features in the powerful telescopes at Jupiter, and by 


planet’s atmosphere as small as about 129km _ supporting missions to explore its atmosphere 
across, and also managed to create a crisp, like NASA's Juno spacecraft is currently 
clear view of its bands. Jupiter's upper doing, we get closer to solving some of the 


atmosphere contains clouds of ammonia. The _ planet's most intriguing mysteries. 
brighter bands in it, called ‘zones’, are cooler 
and therefore positioned lower in the atmosphere, A gallery of these 
while the darker bands are called ‘belts’ and and more stunning 
are hotter, and therefore higher. SRace mages 


NASA/ESA AND A. SIMON (GSFC) 
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NASA/JPL-CALTECH/UNIV. OF ARIZONA, ALMA (ESO/NAOJ/NRAO), J. BALLY/H. DRASS ET AL, NASA/GSFC/ 


SOLAR DYNAMICS OBSERVATORY, ALMA (ESO/NAOJ/NRAO)/ FEDELE ET AL, ESA/HUBBLE & NASA 


A By gully! 


MARS RECONNAISSANCE ORBITER, 
18 APRIL 2017 


This gullied crater in Mars’s northern 
hemisphere was captured by the HiRISE 
instrument on the MRO in January 2017, but 
has only just been released by NASA. Gullies 
are steep slopes that are formed on Earth by 
flowing water, but on Mars their formation is 
thought to be driven by the build-up of frozen 
carbon dioxide over winter, which then 
sublimates into gas during Martian spring. 


Technicolour collision > 


ATACAMA LARGE MILLIMETER/ 
SUBMILLIMETER ARRAY, 7 APRIL 2017 


These multicoloured fireworks are the 
remnants of a 500-year-old stellar explosion, 
the seeds of which were sown about 100,000 
years ago, 1,350 lightyears away in the 
Orion Molecular Cloud, a dense area of star 
formation close to the Orion Nebula. Several 
protostars that formed in this region are 
thought to have collided, causing an explosion 
that fired other young stars, along with cosmic 
gas and dust, into space at speeds over 
150km/s. This single explosion generated as 
much energy as our own Sun does over a 
period of 10 million years. 
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> Live fast, 


die young 


HUBBLE SPACE 
TELESCOPE, 
10 APRIL 2017 


Bright speckles of 
blue are a surefire 
way of telling that 
a galaxy is active 
and producing 

hot, young stars. 
NGC 4536 is 
certainly active, 
and is an example 
of a starburst galaxy. 
These galactic 
specimens produce 
stars at an extremely 
rapid rate, to the 
extent that they 
use up their cosmic 
gas more quickly 
than it can be 
replenished. The 
fate is similar for 
the stars within the 
galaxy, which 
burn intensely and 
exhaust their gas 
supply within a 
relatively short 
period of time. 
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<A flare for activity 


NASA SOLAR DYNAMICS OBSERVATORY, 3 APRIL 2017 


In early April, the Sun awoke with a burst of activity, producing several 
sunspots and some of the strongest flares seen so far this year. NASA's 
orbiting solar telescope captured this image of a massive flare firing 
out a plume of plasma from the Sun’s surface. 


A Dusty 
ring field 


ATACAMA LARGE 
MILLIMETER/ 
SUBMILLIMETER 
ARRAY, 3 APRIL 2017 


Millimeter-sized 

dust grains in the 
disc surrounding 
young star HD 
169142 were 
detected by ESO’s 
ALMA telescope to 
capture this striking 
image. These discs 
form around young 
stars and contain 
grains of cosmic dust 
that may eventually 
coalesce to form 
planets and, 
potentially, whole 
planetary systems 
like our own. In this 
case, the dark gap 
between the two 
rings is likely the 
result of young 
protoplanets forming 
in orbit around the 
star, carving the 
dusty disc as they go. 
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BULLETIN JUNE 11 


CHRIS LINTOTT 
LEWIS DARTNELL 


Bulletin 


The latest astronomy and space 
news written by Elizabeth Pearson 


Our experts examine the hottest 
new astronomy research papers 


Life clusters around vents-on the 
floors of NS: it’s not a 
\stretch to envisage the same 


or elsewhere 


) thing happening on Enceladus, ~ 


Saturn’s icy moon Enceladus could be primed 
for life. Hints that there may be hydrothermal 
vents on the floor of the subsurface ocean, 


around which life could be thriving, were found 


by NASA’s Cassini spacecraft in October 2015 
when it dove through the giant water plumes 
that erupt from the moon’s surface. The moon 
contains the right chemical mixture of water 
and elements necessary to create life, but until 
now there has been no known source of the 
energy needed to kick-start the process. 


“Hydrogen is a source of chemical energy for 


microbes that live in the Earth’s oceans near 
hydrothermal vents,” says Hunter Waite, 


principal investigator for Cassini’s Ion Neutral 
Mass Spectrometer (INMS). “Our results 
indicate that the same chemical energy source 


is present in the ocean of Enceladus.” 


The probe’s INMS instrument found traces of 


molecular hydrogen within the water plumes. 


A hidden habitat on 


ENCELADUS 


A haven for life could exist on the subsurface sea’s floor 


On Earth, the element is found near deep sea 
vents that provide both the heat and minerals 
necessary to create life, and are often teeming 
with microbes. 

“We have not found evidence of the presence 
of microbial life in the ocean of Enceladus, 
but the discovery of hydrogen gas and the 
evidence for ongoing hydrothermal activity 
offer a tantalising suggestion that habitable 
conditions could exist beneath the moon’s 
icy crust,” said Waite. 

Cassini will be unable to study the moon 
further as the discovery comes less than six 
months before the end of the 12-year mission. 
However, the find could mean similar vents 
exist on Jupiter’s moon Europa, which will 
be visited by both ESA’s Jupiter Icy Moon 
Explorer (JUICE) and NASA's Europa Clipper 
in the next decade. 
> See Comment, right 
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COMMENT 
by Chris Lintott 


With such exciting 

results coming from 

the end of the Cassini 
mission, it’s depressing 
that neither NASA nor 
ESA are planning a return 
to the Saturnian system. 
The problem, of course, 

is finding funding — and 
part of the solution is 
tying every result together 
as being progress in 

a search for life. 

Yet the presence of 
hydrogen in Enceladus’s 
plumes need not point 
to a thriving colony of 
space weevils living a 
fine life around sea floor 
vents. Indeed, it may 
suggest the opposite 
— any thriving ecosystem 
would be efficient in 
using up hydrogen 
and so the fact we see 
it in the plumes is an 
argument for the 
absence of life. 

Which argument is 
right? | don’t know, 
and it doesn’t matter. 

It's clear that Enceladus 
is a fascinating, complex 
world and we should 

go back soon. Not 
because it reminds us 

of Earth, but because it 
has its own story to tell. 


CHRIS LINTOTT co- 
presents The Sky at Night 


skyatnightmagazine.com 2017 


NASA’S GODDARD SPACE FLIGHT CENTER, MPIA, NASA/JPL-CALTECH/SPACE SCIENCE INSTITUTE, 


NAOJ/SUBARU/H.EBELING, BLUE ORIGIN, NASA’S GODDARD SPACE FLIGHT CENTER 


12 


NEWS IN 


BRIEF 


GALACTIC 
CENTRE IMAGED 
On 5 April the globe- 
spanning Event Horizon 
Telescope was aimed at 
the galactic centre in an 
attempt to take the first 
image of the shadow 
belonging to our 
Galaxy's supermassive 
black hole. The scope 
consists of a network of 
eight of the world’s 
premier radio telescopes 
working together as one 
over a 10-day period. 
The amount of data 
produced by the 
telescope is so immense 
that it will take several 
months for it to be 
processed at MIT. Only 
then will the team know 
if the endeavour has 
been successful. 


LISA THE 
DUST-FINDER 
The LISA Pathfinder probe 
is being repurposed to 
study space dust. The 
satellite was designed 
to test the technology 
necessary for a space- 
based gravitational 
wave detector, and so 
is incredibly sensitive 
to minute forces, 

such the tiny push 

of a micrometeoroid 
impacting its surface. 
Its detector will be able 
to track and monitor 
the dust, helping to 
refine micrometeoroid 
models, which will 

be used to reduce 

the risk of dust 
damaging current 

and future spacecraft. 


GJ 1132b has an atmosphere, 
but don’t expect life. Its surface 
temperature is a staggering 227°C 


Atmosphere detected around 


Earth-like planet 


Could similar planets exist around other red dwarf stars? 


The first detection of an atmosphere around an 
exoplanet with a mass and radius close to that of 
Earth’s has been made. The planet appears to be 
rich in water, raising hopes of one day finding a 
‘second Earth’. 

The planet, GJ 1132b, is 1.6 Earth masses and 
1.4 Earth radii in size, and orbits a red dwarf 
star 39 lightyears away. Until now astronomers 
have concentrated on observing atmospheres 
around larger, Jupiter-like planets and super- 
Earths. When these planets pass in front of their 
stars, their large atmospheres block out certain 
wavelengths of the starlight, allowing astronomers 
to examine the gases that surround them. 

However, when observing red dwarfs, 
astronomers can examine the atmospheres of 
much smaller planets, as the changes in brightness 
are much clearer against the dimmer star. Scientists 
also have more precise models of red dwarfs 
than most stars, allowing them to calculate a 
star’s size more accurately and so work out the 
size of any planets orbiting them equally well. 

It had previously been thought that strong 
stellar activity could blast away the atmospheres 
of planets around red dwarfs, however GJ 
1132b’s atmosphere appears to have survived for 
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billions of years. As these are the most common 
type of stars in the Galaxy, the find boosts hopes 
that many more Earth-like planets with 
atmospheres could be found. 

Initial observations taken by the European 
Southern Observatory’s 2.2m ESO/MPG 
telescope showed that the planet is larger at 
infrared wavelengths, suggesting that there is 
water in the atmosphere to make it opaque to 
this light. But it is likely to be the next 
generation of telescopes, such as the Giant 
Magellan Telescope and the James Webb Space 
Telescope, which will confirm the presence of 
water in the planet’s atmosphere. 

It is unlikely that the planet is habitable since 
it is only 3.7 million km from its star — around 
10 times the Earth-Moon distance. The high levels 
of ultraviolet radiation at this distance would 
break the water apart into hydrogen and oxygen. 

“On cooler planets, oxygen could bea sign of 
alien life and habitability. But on a hot planet 
like GJ 1132b, it’s a sign of the exact opposite —a 
planet that’s being baked and sterilised,” says 
Laura Schaefer from the Harvard Smithsonian 
Centre for Astrophysics, who took part in the study. 
Www.eso.org 


Cassini dives between Saturn's rings 


The probe has already returned the closest view of the rings ever seen 


. ~~ 2 ; \ 
|) 

| | 

| | | 

1) 

ba 


4 These unprocessed images shows features in Saturn’s atmosphere from closer than ever before. The view 
was captured by NASA’s Cassini spacecraft during its first ‘Grand Finale’ dive past the planet on 26 April 2017 


NASA's Cassini spacecraft has performed its first 
dive between the planet Saturn and its rings. 
During the manouvre, beginning at 09:00 UT on 
26 April, the probe came within 3,000km of 
Saturn’s cloud tops and was just 300km from the 
inner edge of the rings. 


“No spacecraft has ever been this close to Saturn 
before. We could only rely on predictions based on 


our experience with Saturn’s other rings, of what 
we thought this gap between the rings and Saturn 


Early galaxy 


is the faintest 
ever observed 


The faintest ever galaxy in the early Universe has 
been spotted, its light dating from 13.1 billion 
years ago. But the galaxy has one unique property 
in comparison to all of its known contemporaries 
— it’s completely normal. 

“Other most distant objects are extremely 
bright and probably rare compared to other 
galaxies. We think this is much more representative 
of galaxies of the time,” says Austin Hoag, the 
University of California, Davis graduate student 
who led the discovery. 

The galaxy, MACS1423-z7p64, was observed 
at a redshift of 7.6 by the Hubble Space Telescope 
and the Keck Observatory in Hawaii. It dates from 
a time at which the fog of hydrogen left over from 
the Big Bang was being cleared away by the light 
of the first stars. Unfortunately, this fog hides 
much of the light from these early galaxies, 
meaning that until now only unusually bright ones 
have been viewable. This galaxy, however, was 
observable as it was gravitationally lensed, 
magnifying its brightness ten fold. 
http://hubblesite.org 


would be like,” said Cassini project manager Earl 
Maize. “I am delighted to report that Cassini shot 
through the gap just as we planned and has come 
out the other side in excellent shape.” 

The spacecraft used its main antenna as a 
shield from ice particles as it plunged through 
the gap at 124,000km/h. Another 22 dives 
are planned, after which the probe will be 
crashed into Saturn. 
saturn.jpl.nasa.gov 


The aged galaxy surprised 
astronomers with its 
apparent normélity 
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NEWS IN 
BRIEF 


, ad 


SUBORBITAL 
FLIGHTS BY 
2018? 


Spaceflight company 
Blue Origin still hopes 
to start taking space 
tourists on suborbital 
flights by the end of 
2018 using its New 
Shepard capsule — even 
though crewed tests 
won't go ahead this 
year. However, founder 
Jeff Bezos stated that 
safety was the 
company’s top priority. 
“| always remind the 
team that we're not 
racing,” says Bezos. 
“We're not going to take 
shortcuts. We're going 
to put humans on this 
vehicle when we're ready 
and not a second sooner.” 


ALIEN METAL IN 
MARTIAN SKY 


Metal ions from meteoric 
dust have been found 
high in Mars’s atmosphere. 
The dust vaporises, 
leaving iron, magnesium 
and sodium ions in the 
upper atmosphere, 
which have been 
detected by NASA's 
Mars Atmosphere and 
Volatile Evolution 
Mission (MAVEN). 
Similar ions are found 
around Earth, but are 
kept in check by our 
planet's magnetic field. 
Finding the ions at Mars 
allows researchers to 
study the interaction 
between the patchy 
Martian magnetic field 
and the atmosphere. 
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Our experts examine the 
hottest new research 


Could life planet hop in 
the TRAPPIST-1 system? 


The set of seven tightly packed worlds could be 
perfectly positioned for microbial migration 


iving on one of the seven planets that 
orbit the nearby star TRAPPIST-1 would 
be very different from living on Earth. 
The seven are packed close around their 
parent star, with even the most distant of them, 
TRAPPIST-1h, completing an orbit every three 
weeks. From several of the planets, it would be 
common to see the others loom larger in the sky 
than our full Moon does, easily close enough 

to pick out the details of continents or the fine 
structure of storms. 

A paper by Harvard’s Manasvi Lingam and 
Avi Loeb argues that such proximity may have 
more profound consequences than just making 
these worlds excellent for backyard observers. 
They revive the old fringe idea of panspermia 
— the idea that life may not have started on Earth 
but have travelled here from elsewhere in the 
cosmos — and look at the possibility of microbes 
emigrating from one world to the next. 

This interplanetary version of panspermia is 
sometimes discussed in our Solar System too. 


skyatnightmagazine.com 2017 


4 If panspermia is a 

real influence, life should 
exist on several of these 
worlds, not just one 


a 


CHRIS LINTOTT is an 
astrophysicist and 
co-presenter of The Sky 
at Night on BBC TV. 

He is also the director 

of the Zooniverse project. 


We have meteorites here on Earth that have come 
from Mars, and there are presumably a few lumps 
of Earth sitting on the Red Planet too. Given this 
exchange of material, any life on Mars may not have 
formed independently from Earth. It may just have 
been transported there. Equally, it’s possible, and 
some would argue probable, that life on Earth got 
its start elsewhere. 

Lingam and Loeb point out that this sort of 
transfer is much more likely when planets are 
closer together. The numbers are quite startling: 
if an impact on TRAPPIST-1le throws 1,000 pieces 
of debris into space, then as many as 30 are likely 
to hit TRAPPIST-1f. Similar calculations can be 
made for each of the other planet pairs, with 
similar results; hitchhiking bacteria would 
clearly have a great time in this system. 

It might not just be bacteria, either. These 
high rates of transfer make it much more likely, 
the authors say, that the molecular building 
blocks of life - whatever they are — can be 
transferred between the worlds. If life gets started 


as a form of complex chemistry, then maybe 
the initial stages of that process can be shared 
amongst worlds. 

This, it seems to me, is much less convincing. 
I suspect life’s start depends more on local 
conditions than on the availability of molecular 
ingredients. The truth is that without a much 
clearer understanding of how life gets going, and 
what’s needed, it’s hard to go much beyond these 
back of the envelope, probabilistic calculations. 

For the authors though, that’s exactly the 
point. They look ahead to the next generation 
of telescopes, which might be capable of 
detecting the signs of life in the atmospheres of 
TRAPPIST-1’s planets. Such observations would 
be a test of the idea of panspermia. If it plays an 
important role then we should expect life on 
several of the star’s planets (or none at all). It’s 
a grand, though plausible, experiment — a beautiful 
test of what was once considered a crazy idea. 


CHRIS LINTOTT was reading... Enhanced interplanetary 
panspermia in the TRAPPIST-1 system by Manasvi 
Lingam and Abraham Loeb. 

Read it online at https://arxiv.org/abs/1703.00878 
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NEWS IN 
BRIEF 


Jupiter's Great Cold Spot 


Similar in size to the Great Red Spot, the patch is an auroral side effect 


ee 


Jovian aurorae 


(left) are behind 


the cooler 

polar patch 

(right, marked <=. 

with arrows) 
MILKY WAY 
SHROUDED IN 
HYDROGEN 


The first detection of the 
halo of hydrogen around 
our Galaxy has been 
made. Similar clouds 
have been seen around 
other galaxies, but 


New images of Jupiter have revealed a Great 
Cold Spot, a colossal patch in the planet’s 
polar atmosphere which is 200 degrees cooler 
than its surroundings. 

It’s thought that Jupiter’s aurorae are driving 


“(The Great Cold Spot] changes dramatically in 
shape and size over only a few days and weeks, but 
it has re-appeared for as long as we have data to 
search for it, for over 15 years,” says Tom Stallard 
of the University of Leicester, who led the project. 


energy into the atmosphere, creating a region 
of cooling in the upper atmosphere that is 
24,000km long and 12,000km wide, a similar 
size to the Great Red Spot. 


The galaxy that lived fast, died young 


A huge but dead galaxy has been spotted in the very 
early Universe, only 1.65 million years after the Big 
Bang. Observations with the Keck Observatory have 
shown that the galaxy produced over three times the 
number of stars the Milky Way currently has, only to 
fall quiet just as most galaxies were getting started. 
“This huge galaxy formed like a firecracker in less 
than 100 million years, right at the start of cosmic 
history,” says Karl Glazebrook from the Swinburne’s 
Centre for Astrophysics and Supercomputing, 
the study’s lead author. “It quickly [became] a 
monstrous object, then just as suddenly it quenched 
and turned itself off. As to how it did this, we can 
only speculate.” 
http://www.keckobservatory.org 


LOOKING BACK THE SKY AT NIGHT 


14 June 1976 


In June 1976's episode of 

The Sky at Night, Patrick Moore 
discussed the latest findings 
from the Ariel 5 X-ray space 
observatory. The Ariel 
programme began in 1959 
and consisted of six satellites, 
the first built by the UK. 
Initially these were made with 
the assistance of NASA, but 
by the fifth instalment the 
satellites were not only being 
designed and built in the UK, 
but were controlled from the 


in Oxfordshire. 


“That suggests that it continually reforms itself, 
and as a result it might be as old as the aurorae that 
form it — perhaps many thousands of years old.” 


www.eso.org 


4 One possibility is that the galaxy blew off the gas 
behind its growth, becoming a compact red galaxy 


Rutherford Appleton Laboratory 


Ariel 5’s main goal was to 
record the precise positions of 
known stars, as well as detect their 
X-ray spectra. However, it also 
detected 27 transient soft X-ray 
sources — objects whose low energy, 
or soft, emissions, change slowly 
over time. Most of these were later 
determined to be neutron stars 
in a binary orbit with a lower 
mass ‘normal’ star. Its mission 
came to an end in 1980. 


its mission lasting for six years 


a Ariel 5 was launched in 1974, 


astronomers have 
struggled to detect our 
own halo, as it is so 
diffuse when viewed 
from the inside. Instead, 
researchers used 
spectral data from 
732,225 galaxies taken 
as part of the Sloan 
Digital Sky Survey. 
Embedded in these 
spectra were signals 
indicating a shroud of 
hydrogen surrounding 
our Galaxy. 


CONSTRUCTION 
STARTS ON E-ELT 


The first stone of 

the world’s largest 
optical telescope, the 
European Extremely 
Large Telescope 
(E-ELT), will be laid 

on 26 May. The 
39m-diameter telescope 
is being built in the 
Atacama Desert in 
Northern Chile and is 
expected to see first 
light in 2024. Once 
completed it will 

take on some of the 
biggest challenges in 
astronomy, such as 
attempting to find and 
study Earth-like 
exoplanets, observing 
the first stars and 
probing dark matter. 
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Our experts examine the 
hottest new research 


Earth-like planets may 
be locked in winter 


Even active volcanism may not be enough to 
prevent a world from falling into a deep freeze 


—" From afar a planet can bear all 
~~ the hallmarks of being like our 


own, but we've no.idea what 


conditions are like on the ground 


or planets such as Earth, it’s thought that 
there’s a natural thermostat control on 
the global climate. This is known as the 
carbonate-silicate cycle, as it involves the 
relative erosion and production rates of carbonate 
and silicate rocks. As silicate rocks are weathered by 
rainwater they effectively suck carbon dioxide out 
of the atmosphere to form carbonates (such as 
limestone), which build up on the seafloor. The 
carbon would remain locked here, were it not for 
the grinding conveyor belt of plate tectonics; the 
carbonates are gradually dragged into the interior 
of the planet by subduction where they break down 
in the heat. The carbon dioxide is then belched back 
out into the atmosphere through erupting 
volcanoes, completing the cycle. 

It’s this global thermostat that is believed to 
have saved our world several times from becoming 
locked in a ‘Snowball Earth’ state of global, thick 
ice-cover — most recently about 650 million years 
ago. Smothered in thick ice, the rate of weathering 
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LEWIS DARTNELL is an 
astrobiology researcher 
at the University of 
Westminster and the 
author of The Knowledge: 
How to Rebuild our World 
from Scratch (www.the- 
knowledge.org) 


of silicate rocks drops, while volcanoes continue 
to erupt and so carbon dioxide builds up in the 
atmosphere until the greenhouse effect becomes 
so powerful it rapidly thaws the planet out again. 
But many other Earth-like planets may not be 
quite so lucky, argues Martin Turbet and his 
colleagues. They used 3D global climate models of 
Earth-like planets to see if volcanoes could always 
save them from world-wide glaciation. The 
problem, they discovered, is that a terrestrial 
planet’s north and south poles can become so 
frigid that the carbon dioxide gas in its atmosphere 
begins to freeze. The poles serve as cold traps 
and as well as water ice caps, such planets also 
accumulate a thick layer of dry ice. This means 
that carbon dioxide is being pulled out of the 
atmosphere as quickly as volcanoes can pump 
it back in, so it can’t accumulate and the planet 
remains locked in the deep-freeze forevermore. 
Turbet calculates that for a replica of Earth 
there would be no volcanic escape from permanent 
freeze-out for orbital distances greater than 


1.27 AU. But he also realised that this critical limit 
could be much lower if certain features of the planet 
were slightly different to those on Earth — a faster 
rotation, less axial tilt or more reflective water ice 
on the surface, for example. The worst case that 
Turbet found is for an Earth-like planet that already 
has thick water ice caps at the poles. As heavier 
carbon dioxide ice begins to build up on top of the 
polar cap it sinks through and becomes buried by 
a cover of water ice. Here it remains trapped and 
volcanoes have little chance of ever accumulating 
enough of a greenhouse atmosphere to rescue the 
planet from global glaciation. 

What this means is that even if our telescopes 
detect a seemingly Earth-like planet (in terms of 
its mass, orbital distance and so on) orbiting a 
Sun-like star, the story on the ground may be very 
different. The world may be locked in a Narnia-like 
eternal winter; its volcanoes unable to save it from 
this frozen fate. 


LEWIS DARTNELL was reading... CO2 condensation is a 
serious limit to the deglaciation of Earth-like planets by 
Martin Turbet et al. 

Read it online at https://arxiv.org/abs/1703.04624 


Color ASIO71 with APS-C sensor (diagonal 28.4-mm) and 
color or mono AS11600 with 4/3” sensor (diagonal 21.9-mm). 


For those cameras also available accessories: Filter & Filter wheel, OFf-Axis Guide and lens adapters. 


Supported on 


ZWO cameras and accessories are 
available from 365Astronomy and 
their dealer network in the UK, NI & Ireland. 


t: +44 2033 845 187 
e: sales@365astronomy.com 
w: 365astronomy.com/ZWOptical 


eT LF In.StocksNow! = 
Execcebn | The Widescreen Centre | 


Welcome to the UK’s Astronomy Showroom 


New Baader Mk.IV Zoom - CALL 


° Quality * Choice » Expertise * Service « The Widescreen Centre 


ie aaa Jots at See the eclipse the Tele Vue way AVALOZ News & Events, June 2017 
ititabir : 4 1S TPM 
2u v oO}. a ambridgeshire % TeleVue Join us on Saturday June 3rd 
sr ‘OOrT istenary ‘ 
ew INO “ie i pe for our own observing event 
ASIO71MC-Cool 6. same Cc at 2 Rosemary Lane. Weather 


APS-size chip ; ts permitting we'll start at 1pm and 


Better than modify- > r 
aed ToloVue-78 \ run through into the evening. 
| FoneMate™ Trine Email simon@widescreen- 


centre.co.uk to be added to 
our mailing list & for more info. 
Also join us in Regent’s Park for. 
Central London SUNday from 
Widescreen Knows 10am on Sunday June 25th. 
William Optics Find us on Facebook! 


ingyourDSLR. —- Wo asio71me<co 

RT ae | ~ 

- & (ASIO71 + Hyporstar 
eV) Call Widescreen 


* ee "YS *S> for details 
2 ein, s see! and options! 


Ban | A 


] Without compromise 


DAYSTAR FILTERS 


See the innovative &multi-award winning 
Lunt range including the LSS0THa at 
our new showroom - B400 + B600 

+ Cases " 

st yenieres 


VILi. 


Telescope Control Systems 


Change the 
f Rules PA ™ 


- 
Full range of Daystar products including 
H- Sin hie Combo, CaH & 


BESET || 
Sodium Line Daystar Quarks jescroen 
at The Widescreen Centre! = 


We introduce the Zenisthstar 71 Triplet shown here. 
and the Star 71 V2 flatfield imaging scope. See 
both in our showroom or get full spec and our as- 
sessment at www.widescreen-centre.co.uk 


Telescope Control 
Systems from 

— — 
Primaiuce|l ab" 


Hot New Product 


SKYFI Illy: — 


» Internal battery . 
- Apple or Android = 
* Serial or USB 
* Price £219.00 : 


All the major brands underjone roof {Come-an UI the; neynewj Celestron AstroFi, iCGX and Cox moult Siy- "Watcher = = 

including EQ6- Re jlele,Vue; Avalon! Baaver}Vixen# Meade! LontDaystar, and. many, many, more Whatever, you need, 
we'll likely, Have it in'stockAll| backed up) byjthe|bes bestadvice in n the industry. We will never sell, you anything you don't need! 4 
Make,The Widescreen(centre yournext port ‘of,call" We'lllbe very. pleased to see you or talk to you about your hobby New from Simulation €urnculum 


@&) MEADE ‘Vixen G% TeleVue (@ CELESTRON Sky-Watcher 


Vistonars 


Chance to check out our products after dark. See all the major brands under one roof & talk to one of our experts. 
Considering a new purchase? Come and see for yourself. Bring your scope and try some new eyepieces! 
Or attend one of our night-time or solar events and enjoy the big skies of Cambridgeshire. All welcome! 


The Widescreen Centre , 
01353 776199 y 


* Showroom open Monday - Saturday 9.30 - 6pm ; 
«Sundays, eveninggand events - call us! , 


2 Rosemary Lane * Sutton nr. Ely » Cambridgeshire * CB6 2NZ 
www.widescreen-centre.co:uk *:01353 776199 * simon@widescreen-centre.co.uk 


CHELTENHAMFESTIVALS, © ALEKSANDRA MIR, SDSO, DAVID HARDY 


What's on 


Our pick of the best events from around the UK 


4 The 2017 Cheltenham Science Festival line-up promises fun for all the family 


Cheltenham Science Festival 2017 


Various locations, 6-11 June 2017 


The Cheltenham Science Festival returns 
with a packed programme of events and, 
as always, there is much to please those 
curious about the mysteries of the Universe. 
Dara © Briain hosts an evening about 
the discovery of Proxima b, an exoplanet 
in the nearest star system to our own. 
Could the planet host life? Might we one 
day be able to travel there? Answering 
these questions and more are Proxima b 
discoverer Guillem Anglada-Escudé, 
astrobiologist Louisa Preston and 
planetary scientist Andrew Coates. 
Physicist and comedian Lieven Sheire 
explores the Drake Equation, the calculation 
that states the probability of other 
technologically advanced civilisations 


BEHIND THE SCENES 


THE SKY AT NIGHT IN JUNE 


existing in our Galaxy. And what if our 
own Universe was just one of an infinite 
number that exist side by side? Physicist 
Jim Al-Khalili joins cosmologist Andrew 
Pontzen for a lively debate posing the 
question ‘Do we exist in a multiverse?’ 
But this year’s festival isn’t all theory: 
members of Cotswold Astronomical 
Society will be hosting a free public 
stargazing event at Cheltenham’s 
Imperial Gardens. Experienced 
astronomers will be bringing their 
telescopes along, offering the public 
a chance to observe the night sky and, 
weather permitting, perhaps catch a 
glimpse of Saturn and Jupiter. 
www.cheltenhamfestivals.com/science 


HIE Four, 11 June, 10pm (first repeat EVENS Four, 15 June, 7.30pm)* 


The Vatican Observatory operates the 1.8m 
VATT near Mount Graham in Arizona 


; INSIDE GOD’S OBSERVATORY 


June’s episode comes from the heart 


: of an organisation that has had a 


massive impact on astronomy: the 
Vatican Observatory. Chris and 


“a Maggie reveal the role of the 


Vatican in modern astrophysics, 
researching the first moments of 
the Universe and joining the search 
for extraterrestrial life. 


*Check www.bbc.co.uk/skyatnight 
for subsequent repeat times 


WHAT'S ON JUNE 19 


Space Tapestry 


Tate Liverpool from 23 June, 
Modern Art Oxford from 24 June 


Two of Britain’s top 

art galleries host 
Aleksandra Mir’s wall 
hangings, depicting 
%% humanity's relationship 
_ with space and our 
desire to explore it. 
Inspired by the Bayeux 
Tapestry’s depiction of 
Halley's Comet in 1066, these concurrent exhibitions 
invite the viewer to consider our own significance in the 
context of the Universe. Entry is free to both exhibitions. 
www.tate.org.uk/whats-on 
www.modernartoxford.org.uk/event 


Tilee¢ 


; 


#iicgs: 


Stargazing Evening 


Scottish Dark Sky Observatory, Dalmellington, 
1 June 2017, 10.30pm 


Visit this hilltop facility on the edge 
of Galloway Dark Sky Forest Park 
and explore the night sky through 
the observatory’s 20-inch 
PlaneWave CDK20 astrograph and 
14-inch Celestron C14 Schmidt- 
Cassegrain. The event is weather 
permitting and includes a 
presentation, guided stargazing 
and a telescope tour. Admission 

is £15 for adults and £10 concessions. Book through 
the observatory’s website. 
www.scottishdarkskyobservatory.co.uk 


Visions of Space 


Wells & Mendip Museum, Somerset, 10-24 June, 
10am-5pm (closed Sundays) 


The International 
Association of 
Astronomical Artists 
hosts an exhibition 

of space art led by 
artist David A Hardy, 
showcasing models by 
special effects expert 
Mat Irvine. Entrance is free, but Hardy and Irvine will 
also be giving preview talks on 9 and 10 June, for 
which there will be a small fee. The event is run in 
conjunction with Wells & Mendip Astronomers and 
the British Interplanetary Society (Southwest). 
www.wellsastronomers.org.uk 


Visit our website at www. What's on 
skyatnightmagazine.com/ 

whats-on for the full list of 

this month’s events from 


around the country. 


To ensure that your talks, 
observing evenings and star 
parties are included, please 
submit your event by filling 
in the submission form at 
the bottom of the page. 


skyatnightmagazine.com 2017 


IN 2008, ThE KAF-8300 SMP SENSOR STARTED A REVOLUTION 
IN LOW COST, HIGH RESOLUTION ASTROPHOTOGRAPHY. 
NOW IT HAS A SUCCESSOR... 


The KAF-16200 boasts nearly twice the 
number of pixels as the KAF-8300 on an 
APS-H size sensor with a 35mm diagonal. 


This means that the incredible increase in resolution — 
doesn’t come .at the cost of smaller, less sensitive 
pixels as it sometimes does. In fact, the pixels on this 
new sensor are actually slightly larger at 6m 
compared to the KAF-8300’s 5.4um. Full well depth 
has. also been significantly increased to allow us to 
capture accurate star colours and faint details all in the 
same shot. 


But despite its increase in size, the sensor isn’t so large 
as to require specialist astrograph telescopes. From 
shorter refractors giving incredible widefield views 
right through to longer focal lengths, the KAF-16200 
and it’s 64m pixels are a great match for a huge range 
of scopes. It can also use 2” mounted filters to add 
LRGB or narrowband data to your images. 


Atik is delighted to announce the Atik 16200 camera 
that pairs this incredible new sensor with all the great 
features you’ve come to expect from an Atik Camera. 
With class-leading electronics providing very low read 
noise, powerful cooling to a maximum -50°C delta, a 
compact curtain shutter, and an on-axis sensor for easy 
balancing, it’s our signature blend of form «and 
function. And of course, you also have access to our 
powerful and intuitive software as well as our personal 
Atik support. 


LET THE SECOND 
*. REVOLUTION BEGIN 


Photo credit: Vince Bygrave 


Atik Cameras are available from 
most major astronomy retailers. 


For more information visit 
www.atik-cameras.com 
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A PASSION FOR SPACE JUNE 21 


PASSION FOR 


SPACE 


he Cassini 
spacecraft 


TT that keeps 


is on a mission 
giving. Originally it was 
due to be operational for 
just four years, but it 
gathered so much data 
during that short time 
that it was extended to a 
whopping 13 years. All 
good things must come 
to an end, however, and 
on 15 September 2017 
Cassini will be crashed 
into the planet it has 
been observing for so 
long. Its seems a fitting 
end: even in its death 
throes the spacecraft will 
be collecting information about the 
amazing Saturn system. 

The Cassini-Huygens space probe was 
launched in 1997 and made a journey 
of 3.5 billion km to rendezvous with 
Saturn. The combined spacecraft went 
into orbit around the planet in July 2004. 
In December that year the Huygens 
lander, made by ESA, was released and 
touched down on the surface of Saturn’s 
largest moon Titan. This set the record 
for the farthest landing from Earth that 
a spacecraft has ever made. 

Since then our knowledge of Saturn and 
its moons has been transformed. My top 
five highlights of the mission so far are: 

1) When Cassini launched from Cape 
Canaveral in 1997, we were aware of 18 
moons in orbit around Saturn. Now, with 


with Maggie Aderin-Pocock 
The Sky at Night presenter recaps her Cassini 
highlights as the probe begins its Grand Finale 


The giant hexagonal 
storm on Saturn's pole 

is now one of the planet's 
most famous features 


7, 


observations from Earth and analysis 

by Cassini, many more have been found 
— perhaps as many as 62, ranging in size 
from larger than planet Mercury to about 
the size of a football stadium. 

2) Titan has lakes and seas of liquid 
methane, replenished by rain from 
hydrocarbon clouds. The mission also 
provided evidence that Titan is hiding an 
internal, liquid ocean beneath its surface, 
likely composed of water and ammonia. 

3) The particles that make up Saturn’s 
rings range in size from smaller than a 
grain of sand to as large as mountains. 
Cassini found that water jets from the 
moon Enceladus provide some of the 
material in Saturn’s E ring, a diffuse ring 
situated outside the main, bright rings. 

4) Saturn’s moon Enceladus is a small, 


icy body, but Cassini 
revealed that a liquid 
ocean exists under its 
crust. Geyser-like jets 
spewing water vapour 
and ice particles from its 
underground ocean were 
also detected. Analysis of 
this water revealed the 
presence of organic 
material, molecular 
hydrogen. With its 
global ocean, unique 
chemistry and internal 
heat, Enceladus is now 
thought one of the Solar 
System’s most 
scientifically interesting 
7) destinations. 

5) Analysis of Saturn’s 
poles revealed giant hurricane systems. At 
the north pole the system is hexagonal in 
shape. Enormous planet-engulfing 
thunderstorms sometimes erupt from 
Saturn’s atmosphere, affecting the climate 
of the planet for many years. 

As the mission enters its Grand Finale, 
manoeuvres are becoming more daring 
and risky, with orbits taking the spacecraft 
to within 300km of the inner edge of the 
rings and through unknown regions that 
could bombard its instruments with dust. 
Even with just a few months left, Cassini 
still has the opportunity to transform our 
understanding and I for one can’t wait to 
see what it will reveal. 


Maggie Aderin-Pocock co-presents The 
Sky at Night and CBeebies Stargazing 
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« Enjoy walking tours, a reindeer sledding ride, 

visit Lenin Icebreaker, the Sami Village close to 

Lovozero and tour grand St. Petersburg area and ‘iceberg be th opportunit O 2 
«7 lunches and 6 dinners included view the spectacular Northern Lights : 


* WINNER* 


aS 020 3553 2607] vjv.com/sky “= 
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Jon visits a world very much like Venus, but also merely very different 


fter the serenity of the 

TRAPPIST-1 system, 

39 lightyears from Earth, 

I thought that my ship and 
I would benefit from a journey somewhere 
farther afield. And I’ve got the perfect 
destination in mind: Kepler 1649b. 

This world holds a particular fascination 
for me because of the similarities it shares 
with Venus. It orbits the star Kepler 1649, 
which is 219 lightyears away in Cygnus. 
Kepler 1649 is smaller than our Sun, 
around a quarter of its size and mass. It’s 
a faint little star that shines at mag. +17.3, 
so a rather substantial scope would be 
required to observe it from Earth. 

The planet, which is an estimated 1.08 
Earth radii, receives the same amount of 
starlight as Venus does from the Sun, 
which makes me wonder. How similar to 
our hellish, sulphuric acid raining, 
runaway greenhouse effect, evil sibling 
Venus is it? 

For all the similarities, there are some 
important differences too. The planet is 
much closer to its star than Venus is to 


the Sun, just 0.05 AU, completing an orbit 
every nine days. It receives lower levels of 
radiation than Venus, since its home star 
emits energy at lower frequencies than 
the Sun. Kepler 1649b is also cooler than 
the Sun (thermally, not culturally) at 
around 3240 Kelvin. Such a close orbit 
has tidally locked this world. The planet 
also appears to have some quite robust 
geological activity going on. Evidence of 
volcanic activity like Io’s can be seen: 
yellow, shining, vein-like growths flecked 
across the night side of the planet. Tidal 
heating could well be taking place here. 

There are breaks in what appears to be 
a thin atmosphere enveloping the planet. 
The breaks fit together in a formation like 
a pastry lattice, giving tantalising views 
of the planet’s surface below. Unlike 
molten planets, Kepler 1649b looks 
hard-baked and smouldering. 

Allow me to be tangential for a moment. 
Asa seven-year-old I was fascinated by a giant, 
industrial boiler at a mushroom farm where 
my dad worked. It had an outer viewing 
tube which allowed the ferocity of the fire 


inside to be seen. This was amazing to watch. 
I thought of the machine as being like an 
indoor, man-made volcano. One moment 
there’d be the dazzling, solid yellow light 
of the fire visible through this tube. When 
the firing cycle ended, there’d be a bright 
amber heat shine gradually fading from 
yellow to orange to red, then brown - like 
moonrise in reverse. The surface of 
Kepler 1649b appears very much like this. 
Patches of varying heat intensity, blended 
together like giraffe markings. An incredible 
and unusual planetary surface to behold. 
I hover the Perihelion at a point on the 
planet’s night side where I can safely observe. 
The sky is overcast and what appears to 
be deep red cotton wool. Below that is a 
clear zone of vivid orange like a glass- 
blower’s oven with the area leading to the 
horizon, as well as the horizon itself, 
festooned with gold sparks of distant 
volcanic activity. It’s like a soothed version 
of Venus. Less violent and more beautiful. 


Jon Culshaw is a comedian, impressionist 
and guest on The Sky at Night 
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PHILI P’S The ‘Message of the 
Month’ writer will 

receive four top titles courtesy of 
astronomy publisher Philips: Robin 
Scagell’s Complete Guide to Stargazing, 
Sir Patrick Moore’s The Night Sky, Robin 
Scagell and David Frydman’s Stargazing 
with Binoculars and Heather Couper and 
Nigel Henbest’s Stargazing 2017. 


Tales from 


THE EYEPIECE 


Stories and strange tales from the world 
of amateur astronomy by Jonathan Powell 


Few things are more exciting than a comet's 
arrival, but there’s something about Halley's. 
The 1986 return was greatly anticipated 
and one evening at a gathering of amateurs 
| failed to jump upon an opportunity. | 
bumped into a gentleman who informed 
me he had seen Halley's comet in 1910, 
but | didn’t stop to talk to him! There in 
the flesh was someone who had seen the 
comet twice, but | failed to find out where 
he was when he saw it and his age. This 
lapse taught me a serious lesson. Our 
community can appear quite separated from 
other walks of life, and it is up to us to make 
sure it is kept alive not just by encouraging 
beginners, but by listening to more 
experienced amateurs. In other words, 
don’t wait until 2061 when Halley Eee 
returns to engage with those around you! 


Jonathan 
Powell is the 
astronomy 
correspondent 
for the South 
Wales Argus 
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4 Two views of the Moon, captured through Eva’s new 6-inch Dobsonian 


A shared passion for space 


I really wanted to buy my own telescope 
after reading in BBC Sky At Night Magazine 
about lots of different things you could 
see. I was not satisfied with using a 
neighbour’s wobbly telescope, or a small 
one with not much manouevrability or 
magnification that belonged to my dad. 
On my birthday, I saved up all the money 
I received and I did the same at Christmas. 
After a lot of research, I finally decided 

a Dobsonian telescope was the one I 
wanted. We searched on the internet 

and found one for £209. It arrived on 
Tuesday 7 February, and we unpacked 


e e 
Mixed signals 
While I’m very excited about the prospect 
of sending a nanoprobe to a ‘nearby’ star 
(Cutting Edge, April), ’m wondering what 
provision will need to be in place to receive 
the probe’s signal when it eventually 
trickles back to Earth. I assume the use of 
the word ‘nano’ excludes the option of 
taking a crate of car batteries along; has 
anyone costed hollowing out the Moon 
and painting the inside white? 
Andrew Hilton, Halewood 


How to send the data back is on the list of 
the StarShot project’s research priorities, 


it straight away. It took a long time to get 
a clear night, and when we did, we found 
we could see the Orion Nebula as a white 
haze. A few nights later, we attached my 
small camera to the telescope and took 
some pictures. My highlight so far is the 
pictures we took of the Moon, including 
the Alpine Valley. 

Eva Morris, age 11, Oxford 


It’s heartening to hear that you and 
your dad have such a great shared 
passion in astronomy, Eva. Long may 
it continue! - Ed 


© Tweets 


= John Murray 

@johnmurrayjnr ¢ Apr 18 

St Monans Windmill, night shot 
#ScotSpirit #LoveFife #stars 


© Tweets 


Dr Chris Higgins 
~— @Owmuchonomy @ Apr 3 
. @skyatnightmag this morning's 


white light from #harrogate 
#sunspot 


Andrew. You never know, maybe they will 
settle on turning the Moon into a giant 
receiver dish. — Ed 


e 
Spin doctor 
In his Cutting Edge in May, Chris Lintott 
refers to galactic rotation curves, where the 
speed of rotation is almost constant with 
radius as “...like [the rotation of] spokes on 
a bicycle wheel.” But this would imply an 
increase in speed of galactic material with 
the radius. The best analogy I can find is 
that of a CD player. The motor rotates the 
disc with a high angular velocity when the 
laser head is near the centre, but slows the 
disc down to a lower one when the head is 
at the periphery. This means that data is 
read at a constant speed at the laser head as 
it moves outwards along the disc. Of course, 
this is in spite of the CD rotating as a solid 
body which would, if it had a constant 
angular velocity, rotate like a bicycle wheel 
at an increasing speed with radius. 
Richard Field FRAS, via email 


© Tweets 


Scott Mcdaid 
@scottsightseer ¢ Apr 17 
Luss, Loch Lomond @ 


Mudandroutes @skyatnightmag 
#mudandroutes #darksky 
#scottishmountains #nothernlights 
#beautiful #scotland 


Thanks for pointing that our, Richard. 
One other analogy to describe the speed of 
rotation is like a sink of water draining 
down a plughole. - Ed 


e 
Mystery zig zags 
On 7 April at 21:13 BST 
I observed a dark grey 
completely round object 
looking like it was falling 
out of the sky. I took a one- 
second exposure, where it 
showed as a zig-zag line. 
I'd be grateful if anyone 
could shed any light on what it was. 
Stephen Banks, via email 


Thanks, Stephen. This could be a satellite 
moving towards your horizon, giving the 
appearance of it ‘falling’ downwards. - Ed 


— 


© Tweets 


Susan Snow 
@susan_snowy ® Apr 1] 
The Moon rising this 


evening above Cleeve Hill 
@CleeveCommon @AP_ 
Magazine @AstronomyMag 
@skyatnightmag @willgater 


SF advice as well as 
SS — “answering questions 


Perton Library Astronomy Group meets 
monthly at our local library. We wanted 
to publicise the BBC Stargazing Live 
programmes and to attract more interest in 
astronomy. We try to cater for beginners 
here and are also affiliated to the 
Wolverhampton Astronomical Society, 


SOCIETY in focus 


INTERACTIVE JUNE 25 


Meanwhile on 
FACEBOOK... 


WE ASKED: What are your favourite 
moments and memories from 60 years 
of The Sky at Night TV programme? 


John Rollins 
When Patrick stood on his head on 
Selsey beach. 


Michael Marshall 

The episode with Michael Bentine about 
life on other planets. Especially right at the 
end when two suspicious looking tin foil 
aliens popped up and discussed the 
existence of humans! | was only a child at 
the time and | went to bed frightened stiff 
of aliens in the bedroom! 


Phil Heppenstall 

Getting up in the middle of the night to 
watch the Halley’s Comet live broadcast 
when | was about 11. 


David Holmes 

| used to like the star maps showing you 
how to find the planets using the 
constellations as guides. 


Chris Arundel 

Watching old episodes of The Sky at Night 
is a great de-stresser. Whatever is happening 
in your life, seeing Patrick announce “We've 
some really exciting news from Saturn” 

puts it all in perspective. The episode with 

Dr John Mason showing the use of radio 

to detect meteors is a good one. 


Nageeb Kabuli 
Can't pick out a specific episode but during 
10 years of following The Sky At Night it was 


worth watching every minute of it. 


which holds regular lectures on diverse 
astronomical topics at an expert level. 

The intention was to further interest in 
astronomy locally and to attract more 
regular members. The library is a fairly 
busy place during the week and the stand 
was manned when staff were available. 
The library aims to offer the public as 
diverse a range of activities as possible and 
the astronomy group is supported well with 
a regular following. Throughout the week 
we had some interesting questions from 
visitors like “How big is the Universe?”, 
“Why can we see things that are so far 
away?” and “Does light keep going over 
long distances?” We also had some 
requests for advice on buying telescopes, 
so we hope we may see some new 
members as a result! 

Doug Bickley, Perton Library Astronomy 
Group, Wolverhampton 
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Hotshots 


This month's pick of your very best astrophotos 


A gallery 
containing these 
and more of your 


stunning images 


A Betelgeuse setting 


AMANDA CROSS, LANCASHIRE, 4 APRIL 2017 


Amanda says: “This shot is 
made of a series of single 
images taken 25 seconds 
apart, slightly out of focus 
with a high ISO and a low 
shutter speed to pick out 

| colour variations. Our 
atmosphere refracts the 
star’s light just like a prism splits sunlight. 
When a star is close to the horizon we are 
looking at it through a thicker part of the 
atmosphere, which results in more colour 
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flashes that we can see. This image is similar 


to Steve Brown's winning entry from IAPY 2016. 


I think we were both doing the same thing at 
the same time with Sirius because we tweeted 
each other. Then I used the same technique on 
some other stars to see the difference!” 


Equipment: Canon EOS 7D Mk II DSLR 
camera, 300mm lens. 


BBC Sky at Night Magazine says: “We have 
to give Amanda top marks for artistic 


creativity, for having the foresight to come up 
with the project and having the patience and 
know-how to see it through!” 


About Amanda: “I enjoy taking images of objects 
to present them in different ways, or capturing 
them over time to show how they change. 

| particularly like to take star trails and I also 
photograph the International Space Station. 

I'm a big fan of Star Trek and my love of 
astronomy comes from my granddad, who 

had a telescope when | was growing up.” 


< Jupiter 
and Europa 


16 MARCH 2017 


Harvey 

says: 

“I wanted 

to image 

Jupiter 
this year, as it will be 

very difficult over the next few years due to its declining altitude.” 


Equipment: ZWO ASI224MC colour CMOS camera, Celestron EdgeHD 
14 Schmidt-Cassegrain, Pierre Astro atmospheric dispersion corrector. 


A NGC 4565 


RICHARD WYKES, BRECON BEACONS, 24 & 25 MARCH 2017 


Richard says: “I have to say galaxies are my favourite 
objects to view and image when I get the chance, 
although | am limited to imaging at star parties only 
and, occasionally, at a dark site we sometimes use. 
I'm not out as much as I’d like to be!” 


Equipment: QHY8 Pro CCD camera, Sky-Watcher Skyliner-250PX 
FlexTube Dobsonian, Sky-Watcher AZ-EQ6 Go-To mount. 


HARVEY SCOOT, ESSEX, 


HOTSHOTS JUNE 29 


<4 Star trails 


ROBERT CHADWICK, 
UXBRIDGE, 
31 MARCH 2017 


Robert 
says: 

“It was 

a clear 
night so 

I decided to show my 
girlfriend how to take 
advantage and get the 
best out of the night 
sky over a period of 
three hours. The result 
shows that you don’t 
have to travel too far 
to get creative! The 
only issue was light 
pollution from the 
town making fewer 
stars visible 

in the sky.” 


Equipment: Canon 
EOS 5D Mk III DSLR 
camera, Sigma 15mm 
EX fisheye lens. 


MARK FORBES, STOCKPORT, 2 APRIL 2017 


Mark says: “I heard news of developing sunspots 
moving across the Sun’s disc. Working full time 

| rarely get the opportunity to image the Sun during 
the week, but I got lucky with cloud gaps around 

# lunchtime! | was satisfied with the level of detail, 
although I learnt | should really capture some flats to help with 
removing dust and shadows.” 


Equipment: Altair Astro Hypercam IMX174 mono camera, Altair 
Astro Starwave 102 ED refractor, Sky-Watcher AZ-EQ6 GT mount, 
Daystar Quark chromosphere filter. 
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NGC 2403 > 


DAVID SLACK, 
NORTHUMBERLAND, 
31 MARCH 2017 


David 
says: 
“This 
galaxy is 
rich in 
colour, having many 
HII star-forming 
regions, which appear 
pink in the image. 
Cloud meant I had to 
take fewer exposures 
than planned; the 
outer spiral arms are 
faint and stretching 
the image to get 
them to show meant 
there was quite a bit 
of background noise 
to deal with.” 


Equipment: Starlight 
Xpress SXV-H9 mono 
CCD camera, Sky- 
Watcher Explorer 130P 
Newtonian reflector, 
Sky-Watcher HEQ5 
Pro SynScan mount. 


A Comet 41P/Tuttle-Giacobini- 
Kresak, M108, M97 


LEE PHILLIPS, KENT, 21 MARCH 2017 


j] Lee says: “I have struggled with imaging comets in the 
past due fo their motion against the stars and trying to 

}_ stack multiple exposures, so this time | decided to take 

»| just one single, five-minute exposure with my DSLR and 
the in-camera noise reduction turned on. | was surprised 
at how well it came out after some careful processing.” 


Equipment: Canon EOS 1000D DSLR camera, Altair Astro Starwave 
102 ED achromat refractor. 


skyatnightmagazine.com 2017 


Vv Sunspots 


ALICE HANNEY, SOMERSET, 2 APRIL 2017 


Alice says: “I wanted to capture detail on the Sun using my 
phone camera through the eyepiece, so | picked sunspot 
AR 2645 when it was clearly visible. | am pleased the 
penumbrae are visible in the final image. | was interested 

= to read the article on the BBC Sky at Night Magazine 
website the next day about the flares from AR 2644, which | captured 
in the edge of my image - a lucky coincidence!” 


Equipment: iPhone 5S, Orion SkyQuest X16 PLUS Dobsonian telescope, 
Orion solar filter. 
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A The 
Moon 


MATTHEW JESSOP, 


NORFOLK, 
31 MARCH AND 
2 & 4 APRIL 2017 


Matthew 

says: 

“| have 

always 

been 
interested in the 
photographing the 
Moon. These photos 
are part of a full 
phase cycle I decided 
to begin during the 
new Moon period. 
| photographed 
them from the back 
garden hand held, 
using the garden 
wall and a beanbag 
for stability!” 


Equipment: Canon 
EOS 60D DSLR 
camera, Canon 
400mm Prime lens. 


hx 


SS 


The California Nebula > 


PETER JENKINS, KIRKBY-IN-ASHFIELD, 6, 15, 
23 MARCH 2017 


Peter says: “From my location this 
target is fairly low to the west 
during March, so only between 
two and three hours of imaging 
was possible each night before 
trees and a streetlight started to interfere. I’m 
really pleased with the resulting image as it 
shows a lot more detail than my previous 
broadband attempt and | think this one 
creates a very brooding atmosphere.” 


Equipment: Atik 383L+ mono CCD camera 
Officina Stellare Hiper 115 apo refractor, 
Sky-Watcher EQ8 Pro equatorial mount. 


Submit your pictures via www.skyatnightmagazine.com/astrophotography/gallery or email 
hotshots @skyatnightmagazine.com. T&Cs: www.immediate.co.uk/terms-and-conditions 


<The Whirlpool Galaxy 


STEVE MACDONALD, CYPRUS, 
27-29 MARCH 2017 


Steve says: “This an iconic galaxy 
that I never get tired of imaging. 

| was very pleased with the 
colours of M51 and the crispness 
of the whirlpool that comes 
through. | particularly like the framing on this 
as it also lets you see the number of galaxies 
in the background.” 


Equipment: Moravian Instruments G2-8300 
CCD camera, Sky-Watcher Evostar 80ED 
Pro refractor. 


ENTER TO WIN A PRIZE! 


| ALTAIR X ASTRO 


We've teamed up with Altair Astro UK to offer the winner 
of next month’s Hotshots an Altair GPCAM2 IMX224 colour 
camera, featuring the Sony Exmor IMX224 CMOS sensor. The camera can be used for solar, planetary and 
lunar imaging, long exposure deep-sky imaging and video astronomy www.altairastro.com * 01263 731505 
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Bubbles successor, the James: Webb Bace 

S Teeeore will look farther back in time and. 
_ space than ever before. But this giant telescope » 3 
= could also be turned to targets. right in our own 
a cosmic cd as Benjamin Skuse reveals 


inecom:2017 


’ ABOUT THE WRITER 
Dr Benjamin Skuse is 
_| amathematician. ~ 
* | turned science writer | 

based in Bristol, UK.’ 
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5 WEBB SPACE TELESCOPE JUNE 33 


We've learnt a great 

deal about Earth’s fellow 

planets in the past couple 
of years; JWST could help 
us uncover even more 
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A full-size mock up of JWST’s 
21x14m sunshield, the device 
that will keep the space 
scope’s infrared instruments 
cool enough to work properly 


igger (NEOs) like Eros 
and more and Halley’s Comet. 
powerful “The Earth’s 
than any atmosphere makes 
space observatory tha oT Pa it very difficult to 
ever launched, the Giie Orn V observe NEOs in 
James Webb Space certain wavelength 


Telescope’s (JSWT’s) infrared gaze will 
stretch to the very first stars and galaxies 
being born, offering new insight into the 
Universe’s origins. Its eyes will also scan 
exoplanets in the search for the building 
blocks of life beyond our cosmic doorstep, 
looking for answers to the perennial 
question: ‘Are we alone?’ 

What many do not realise though is 
that JWST will not solely be peering at the 
farthest reaches of the Universe. In fact, 
with some clever reconfiguring, Webb 
will be able to cast its spying eye on our 
closest cosmic neighbours, hoping to 
uncover some of the secrets hidden 
within our Solar System. 

Adapting JWST for the local nature of 
Solar System science, however, is fraught 
with difficulties. The biggest is that 
the telescope is designed for detecting 
the faintest, most distant objects. Its 
extremely sensitive sensors therefore 
need to be protected at all times from the 
overpowering light and heat from the Sun, 
which is why it is equipped with a tennis 
court-sized sunshield. This would not be 
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a problem but for the fact that Webb will 
be located at the second Lagrangian point 
(L2), some 1.5 million km beyond Earth’s 
orbit. As it is, the sunshield permanently 
shrouds Mercury, Venus, Earth and the 
Moon from Webb’s gaze. 

The closest of our neighbours Webb 
will be able to track are near-Earth objects 


4 Eros is a near-Earth asteroid that could pose 
an impact risk - so it’s worth keeping an eye on 


regions, some of which are very informative 
and diagnostic of things like water and 
organics,” says NASA research scientist 
Cristina Thomas. “If we want to focus on 
origins of life questions, then going outside 
the atmosphere helps us.” 


The brightness dilemma 

The second nearest target, Mars and 

its moons, will only be within JWST’s 

spyglass every two years. Webb will add an 

infrared view to the Mars toolbox of rovers 

and satellites tasked with studying the 

planet and its potential for hosting life. 
NASA planetary scientist Geronimo 

Villanueva believes this capability will 

be invaluable: “JWST will open a new 

window into the planet’s current and past 

habitability,” he says. Villanueva should 

know. Among other achievements, he 

was the co-discoverer of methane on 

the planet (a possible biosignature) and 

mapped deuterium to hydrogen ratios 

in Mars’s atmospheric water — leading to 

the realisation that the Red Planet had 

an ancient ocean. “New observations 
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The es questions 


Looking beyond the realms of our Solar System, the JWST will peer into 
the past - and hopefully answer some of CRUSE s. greatest mysteries 


JWST has been tasked with 
tracking down the very first 
luminous objects in the cosmos 
that sparked into life some 

13.6 billion years ‘ago. It is hoped 
JWST will answer key questions ; 
such as when active galactic nuclei 
formed, and when, .how and 
what caused reionisation (where 
the Universe became the ionised 
transparent plasma it is today). 


Sa 


are urgently needed to confirm these 
findings,” he says. 

The Red Planet brings us to the second 
main challenge in using Webb to look 
over the garden fence: overexposure. 
Essentially, Mars is far too bright for the 
Webb’s sensitive detectors to cope with. 
“Even Pluto is bright enough that if we 


Comparing the earliest galaxies 
»| with more recent ones will allow 
scientists to understand their _ 
growth and evolution. Studying 
merging galaxies and the role of 
supermassive black holes might 

* shine a light on why we now 
have a wide variety of irregularly | 
shaped and sized galaxies 
throughout the Universe. 


to be revealed. 


took full-frame data with our widest filters 
it would saturate,” says John Stansberry, 
a Space Telescope Science Institute 
(STScI) scientist. “So bright has a different 
definition for JWST!” 

To get round this, NASA will command 
the instrument to just process a tiny square 
right in the middle of the full detector 


Visible light emitted in star- 

forming nebulae is obscured by 

dust, but JWST’s infrared cameras | 

will see right through this to‘allow 

scientists to study stars as they 

are born. How clouds of gas* # 
“and dust collapse to form stars 

and planets and why most stars 

form in groups are expected 


| NASA's Kepler space telescope 
and numerous ground-based 

| observatories have confirmed ~ 

* nearly 3,500 planets orbiting 

| other stars. JWST will follow on 
from these discoveries by looking 
for signs of water, clouds, 
aerosols and organics, in the 
hope of revealing the building 
blocks of life on other planets. 


4 Mars and its moons will be too bright to 
process using the capacity of JWST’s detectors 
(NIRCam imager shown left) so only a tiny 
section of the sensor will be used to image them 


array. “Instead of having a 4-megapixel 
image, we'll take a much smaller postage 
stamp in the middle,” says NASA space 
scientist Conor Nixon. “That way we can 
read that out really quickly before 
it becomes overexposed.” 

Beyond Mars is where JWST will 
really have to start getting busy. With > 
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The planets: what can JWST tell us? 


Mercury, Venus, Earth 
(and the Moon) 3 


Nothing, due to the protective 
sunshield blocking inner planets 
from view 


Mars 


Mapping the planet's current and past 
water profile; photochemical cycles 
and searches for organic compounds; 
studying global dust storms and cloud 
systems over volcanoes 


Jupiter 


High-resolution analyses of cloud altitudes within storms; mapping the abundance 
and distribution of tropospheric compounds; monitoring transient events and dynamic 
processes like the Great Red Spot and aurorae (complementing the Juno mission) 


> an observing window of around 50 days While the planets themselves will be moon Io to taking over the task of 
approximately every six months, the giant monitored by JWST, some of the most watching the Saturnian moon Titan after 
planets Jupiter, Saturn, Uranus and Neptune _ interesting science will concern their the Cassini mission comes to an end or 
will all be viewable, as well as their satellites. From helping to solve the even establishing whether Neptune’s 
associated rings and 170 known moons. tidal heating conundrum on Jupiter’s retrograde-orbit moon Triton has a 

subsurface ocean, JWST offers the chance 
Does Neptune’s moon Triton to view and try to understand the 


Mei §§©most dynamic processes of the Solar 
crust? JWST could tell us System’s satellites. 


Focus on the small things 
However, the bread and butter for JWST’s 
Solar System science will be even less 
studied, smaller and distant bodies: 
comets, the main belt asteroids situated 
between Mars and Jupiter, the Trojan 
asteroids that share Jupiter’s orbit, and 
the Kuiper Belt objects — including dwarf 
planet Pluto and the yet-to-be-seen Planet 
Nine. All could yield clues to how the Solar 
System came to be the home we know. 
“Because they retain material from 
the very start of Solar System history, 
they reveal the chemical makeup of the 
planets and how planets form,” says 
Andy Rivkin, planetary astronomer 
from Johns Hopkins University. 
For these smaller distant bodies and 
ring systems, NASA has another trick 
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Despite centuries of observation, the planets still hold mysteries. 
Here is what the JWST will aim to reveal about each one 


= 


Neptune 


Exposing the 
compositions of rings 


and small moons; 
Uranus analysing the unusual 
environmental 


Exposing the compositions of rings conditions within the 
and chaotically changing orbits of summer south polar 
Seasonal monitoring of ‘spokes’ in Saturn’s rings; orbital tracking moons; mapping hydrocarbon emission, vortex; monitoring 

of ‘propeller’ moons; monitoring transient events, like storms and abundance and circulation; understanding _ storms and variability; 
the aftermath of impacts; searches for new moons (complementing the effects of extreme seasons, like the amassing global images 
and following up on the Cassini mission) formation of a polar vortex and composition 


Saturn 


STOCKTREK IMAGES, INC./ALAMY STOCK PHOTO, ISTOCK, NORTHROP GRUMMAN, NASA/JOHNS HOPKINS 


UNIVERSITY APPLIED PHYSICS LABORATORY/SOUTHWEST RESEARCH INSTITUTE 


up its sleeve: stellar occultations, where the resolution of Hubble and Webb 
a star is temporarily blocked by a passing (roughly 1,000 times better than 20/20 
Solar System body. vision), you could actually see objects Vi) Un eran 
“If you can take data very quickly as an like Mars, or Jupiter’s moon system or JWST project scientist Dr Jane Rigby 
object passes in front of a star, you can Saturn’s rings in stereo 3D!” 
measure various things about the object Not only might this be a boon to 
itself,” explains Stansberry. By looking astronomers, offering stereo data on 
at the changes to the star’s light as it weather changes, collisional studies, 
disappears behind a planet, Webb will be ring system shocks, and many 
able to look at ring microstructures, and more, but would also bea 
may discover rings around minor planets first for science education, 
or even find atmospheres around various making ancient 
Kuiper Belt objects. astronomical bodies 
All of these proposed targets for Webb come to life in the 
suggest the Solar System’s most well- classroom. As 
hidden mysteries may soon be solved, Green notes: 
but one paper really sticks out as having “These are the 
the potential to captivate the public’s sorts of images 
imagination. In it, the authors propose that could 
using JWST and Hubble together to inspire a 
create stereo 3D movies of the planets generation”. @ 
and moons amateur astronomers have 
been fascinated by for centuries. > How much 
“T worked with a vision scientist more might we 
learn about 


colleague to understand the limits of 


human depth perception,” says Joel pulp ene omnes 


; on Kuiper Belt 
Green, a project scientist at STScI, who led objects once 
the study. “It turned out that if you had JWST is trained 
eyes one million miles apart, and on them? 
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THE MYSTERIOUS FORCE 


ABOUT THE WRITER 
Marcus Chown 
is.an award- 

winning writer‘and 
broadcaster. His 
latest,book issThe 1 
Ascent of Gravity } 


“Tt’s a force we feel the effects of every day, but it's 
also the most enigmatic. Marcus Chown takes a wry 
_look at the contradictory nature of gravity 


ravity is the weakest force in 
the everyday world yet it is the 
strongest force in the Universe. 
It was the first force to be 
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recognised and described yet it is the 
least understood. It is a force that keeps 
your feet.on the ground yet no such force 
actually exists. Gravity, to borrow the 


words of Winston Churchill, is “a riddle, 
wrapped in a mystery, inside an enigma”. 
Any way you look at it, gravity seems 
bonkers — are these its oddest quirks? 
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Everyone knows the story of Newton and the falling _>. ‘ S =tty, 
apple. His key insight was that the apple and the "¢ > oe 

Moon both fall under gravity (the Moon, because of its x > 
sideways velocity, never gets any closer). By comparing . yo 
their rates of fall, he deduced the inverse-square law . 

— that the force between bodies is four times as weak 

when they are twice as far apart, and so on. But the 

first time Newton told the story of the apple was to his 

biographer, William Stukeley, four decades after 

discovering the law of gravity. Perhaps, with his creative 

days behind him, he was concocting his own legend. 

Certainly, the story depicts Newton as the lone genius 

struck by a flash of inspiration. 


“+ 
’ 


Although Newton imagined the force of gravity 
between the Sun and Earth as like a piece of 
invisible elastic connecting the bodies, Einstein 
discovered the truth is different. A mass like the 

Sun warps space-time around it, creating a valley. 
We can't see the valley because space-time is a 
four-dimensional thing and we are three-dimensional 
beings. But Earth circles around the valley like a ball 
around a roulette wheel. It experiences no ‘force’ 
but travels along the shortest path through warped 
space-time. Similarly, there is a tendency for you to 
fall to the bottom of the valley of space-time around 
Earth. The surface obstructs, however. In pushing 
back, it creates the ‘feel’ of gravity.» 


The falling apple story is 
probably the result of some 
creative licence on Newton’s part 


Large masses like the Sun 
warp space-time, creating 
, a/‘valley’; Earth is falling 
>. ines through this valley 


rs 


LTS KL 
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Orbiting at an altitude of only 400km above Earth, the 
International Space Stations (ISS) is so close to our planet 
that gravity barely differs from what is experienced on 
the ground. Astronauts are weightless for the same 
reason as someone unfortunate enough to be in a lift 
after its cable has snapped — because, as fast as they 
fall towards the lift floor, the lift floor falls away from 
them. It is not obvious that the ISS is falling. That is 
because it has sideways motion. This means that, as fast 
as gravity curves its path down towards the Earth’s 
surface, the Earth’s surface curves away from it. ISS 
therefore falls forever in a circle, never reaching the 


The Moon doesn’t just cause 
tides, it causes the Earth 
itself to bulge, something 
that was seen (but not 
understood) in the unusual 
behaviour of a well 


a 
\S 


} « 


Dark energy (the purple grid) 
imagined as an immovable 

force that causes other objects to 
manipulate gravity (the green grid) 
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To us it appears 
as if these 
apples are 
floating; in fact 
they are falling, 
only floating 
because the ISS 
is falling too 


a 
— — 


> 


The Greek philosopher Poseidonios, who lived between 
135 and 51 BC, discovered this effect. He noticed that, 
when a spring at the temple of Heracleium in modern- 
day Cadiz in Spain was low, the tide in the nearby 
Atlantic was high, and vice versa. The explanation 

is that the gravity of the Moon, the principal cause 

of the tides, not only makes the ocean bulge upwards 
but it does so to the rock as well. The waterlogged 
rock in which a well sits is like a wet sponge. It sucks 
water out of the well when the sponge is stretched 
upwards (high tide) and squeezes water back into the 
well when the sponge is released (low tide). 


‘ee 


the Un: 
ae 


Children at school are still taught that gravity is a force of attraction. However, in 
1998, astronomers discovered to their immense surprise that the expansion of the 
Universe is speeding up, and they have attributed this to the repulsive gravity of — 
mysterious ‘dark energy’, invisible stuff filling all of space. Dark energy accounts for 
more than two-thirds of the mass-energy of the Universe. Nobody knows what itis. 
In fact our very best theory (quantum theory) predicts an energy for the vacuum of 
space.(dark energy) — that is one followed:by 120 zeroes-bigger than whatis 
observed. This is the’biggest discrepancy between’a'prediction and an observation 


in the-history of science. Something is wrong! 


Tiny lo reaches temeperatures 
of 1,650°C, a result of the 
way it is pushed and pulled 
by its neighbouring moons 
and parent planet 
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Because it is squeezed and 
stretched by gravity, the body 

in the Solar System that 
generates heat most efficiently is 

not the Sun but Jupiter’s moon, lo 


On 8 March 1979, NASA's Voyager 1 space probe, 
having streaked through the Jupiter system faster than 
a speeding bullet, turned its camera back the way it had 
come. Navigation engineer Linda Morabito became the 
first person to see, silhouetted against the black of space, 
the super-volcanoes (strictly speaking, geysers) of the moon 
lo. The most geologically active body in the Solar System is 
heated by nearby moons Europa and Ganymede, and 
Jupiter. The moons tug its orbit into an elongated ellipse. As 
it moves close to and far away from Jupiter, the gravitational 
_ Stretching effect of the giant planet changes. lo is heated for 
exactly the reason a squash ball gets hot when squeezed 
repeatedly in your hand. : 


v Even flowing in the right direction, 
time is mind-bendingly complex 


If gravity 
had not 
‘switched 
on’ after the 
Big Bang time 
‘might not 
flow forwards 


The direction of time is 
associated with order changing . 
to disorder — the direction in which 
castles crumble, eggs break and so 
on. Ultimately, therefore, the ‘arrow 
of time’ must be due to the Big Bang 
being in a highly ordered state, which 
is very unlikely. Actually, early on, when 
matter from the Big Bang fireball was 
smeared smoothly across space, the Universe was 
disordered. However, when the Universe was 380,000 years old, gravity z 
was able to gather matter together for the first time. In a gravitating system, clumped is the 
most likely state. The smeared-out Universe was therefore suddenly thrown into a very 
unlikely state — precisely the requirement fo create our forward direction of time. > 
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Einstein’s theories predicted 
gravitational waves too, but 
it took a hundred years for 
us to detect them 


The gravitational wave detected'on 
x yy ——_ 15. September 2015 came from merging 
x ae: black holes that-briefly emitted 50times the 

x . power of.all the stars in the Universe combined 


In-a galaxy far, far away, ata time when Earth boasted nothing more complex than-a 
bacterium, two'monster, black holes were locked in.a death spiral. One was.29 times 

< the mass.of the Sun, the other 36,times the mass of the-Sun. Each travelling athalf the 
speed of light; they whirled about each.other one last time. As they coalesced,.three 
whole\solar masses were destroyed-and converted into gravitational waves. Bear. in 
mind that an atomic bomb converts only.about'a kilogram of mass-energy into other 
forms. Had the tsunami of fortured’space-time that. surged outwards been in the form 
of light, it would have shone tens-of times brighter than a-Universe of stars. 


The LEP Collider, as seen from the al © You mgy think Einstein's theories 
Iii Hcip.1980s. Ite'since bea? ay ae have nothing to do with you, 
cn, a ee ae but without them your mobile 
phone would not be able to tell 
you your location 


The satellites of the Global Positioning System, on which 
smartphones and satnav rely to determine location, 
move in highly elongated elliptical orbits around Earth. 
When each swings in to its closest point to the planet, 

it experiences stronger gravity and its on-board clock 
slows down; when it recedes to its farthest point from 
the planet, the clock speeds up. This is according to 
Einstein’s general theory of relativity. However, an effect 
of Einstein’s special theory of relativity causes the 
clocks to slow down when they are moving fastest. 

Both of these effects must be taken into consideration 
by the software that, unbeknownst to you, calculates 
your exact location on the Earth’s surface. 


Gravity causes the 27km ring of the Large Satellites in ot also have . 
Hadron Collider near Geneva to shrink and maar “chasis 
expand by 1mm twice a day 


In 1992, physicists working on the Large Electron-Positron (LEP) Collider near Geneva, 

whose subterranean tunnel loop now contains the Large Hadron Collider, noticed 

something odd. Twice a day they had to boost the energy of their circulating = 
electrons and positrons (‘antimatter’ partners of electrons) to keep them in the ring. 20 

After scratching their heads, they realised that tides happen twice a day. What was i 

happening was that the gravity of the Moon was causing the rock of the Jura 

Mountains, into which LEP was bored, to bulge upwards. This increased its length so 

that the magnets were no longer the right strength to trap the beam within the tunnel. 

Surely one of the most esoteric effect of the tides there is! 
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You age more quickly on the top floor of a 
building than on the bottom floor, another 
effect of Einstein's theory of gravity 


According to Einstein’s theory of gravity, the general theory of relativity, time 
flows more slowly in stronger gravity. On the top floor of building, you are 
farther from the mass of Earth than at the bottom, so gravity is marginally 
weaker and you age more quickly — so if you want to live longer, should you find 
yourself a bungalow? It is a fantastically small effect and you would need the 
most sensitive atomic clocks to show it. Remarkably, however, in 2010 physicists 
at the National Institute of Standards Technology in the US demonstrated, with 
the aid of two atomic clocks, that a person standing on one step of a staircase 
ages more slowly than someone standing on the step above. 


is me | = * j 
It’s true that the 
higher you are on 
Earth the quicker 
you age, but the 
difference is miniscule 


—~* 


*MYSTERIOUS GRAVITY JUNE 43 


Our understanding of 
gravity doesn’t match 

up with quantum theory. 
If we are ever going to 
understand the Big Bang, 
they need to be united 


Only by figuring out gravity will 
we be able to answer the biggest 
question of all: where did the 
Universe come from? 


The twin pillars of modern physics are Einstein’s theory 
of gravity, which describes galaxies and the Universe, 
and quantum theory, which describes atoms and their 

constituents. It has given us lasers, computers and nuclear 
reactors; it explains why the Sun shines and why the 
ground is solid. Einstein’s theory (which describes the 
large) and quantum theory (which describes the small) 
reign supreme in their own domains but have resisted 
merging. This would not be a problem; however, 

once up on a time — in the Big Bang — the Universe 

was very small. To understand how the Universe 
emerged from this, like a rabbit from a hat, we must 
therefore unite Einstein's theory with quantum theory: to 
create a quantum theory of gravity. @ 
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Hidden from view dbove the 

: southwest horizon, in-between 

Ps 3 ¥ ‘ Spica (left) and the Plough 
‘ (right), lies a region of space 
filled with astronomical marvels 


Tne realm of 


CS) 


Will Gater siges into the region of Virgo, one of the most 
extraordinary swathes of the night sky, to reveal the science 
behind the faint galaxies that reside there 


ast your eye across the band of 
sky between the star Spica and 
the handle of The Plough ona 
clear spring night and what do 
you see? Save for few stars there doesn’t 
appear to be much to write home about 
—at least not to the naked eye. 
Yet this great swathe of the celestial 
sphere is arguably one of the most 
extraordinary patches of our night sky 
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as it’s peppered with hundreds of galaxies. 
Virgo is swarming with faintly glowing 
celestial forms; there are delicate spiral 
wisps, fuzzy ellipticals and even great 
clusters of galaxies gathering in their 
multitudes. And though they may be 
hidden to the naked eye, these spectral, 
stellar gatherings are of enormous 
interest to astrophysicists. So come with 
us as we explore the science of some of 


the more famous inhabitants of Virgo’s 
ghostly galactic realm. 


ABOUT THE WRITER 
Will Gater is an 
astronomy journalist, 
author and presenter. 
Follow him on Twitter 
at @willgater or visit 
willgater.com 
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THE SOMBRERO 


GALAXY 


Virgo is a constellation famed for its huge 
population of distant celestial smudges, one 
of which is our first object, Messier 104. 
M104 actually sits close to the border between 
Virgo and the more southerly constellation 
Corvus, approximately 11° from the bright 
star Spica (Alpha Virginis). M104 is more 
commonly known as the Sombrero Galaxy 
and it’s not difficult to see how it acquired this 
name when you look at it through a large 
telescope or see images of it taken by 
astrophotographers. Its scientific story is every 
bit as striking as its visual appearance too. 
Perhaps its most obvious feature is the dark 
swathe across the bright mass of stars that 
make up its glowing oval shape. The swathe 
is a silhouetted portion of the galaxy’s disc of 
dust and gas, which is viewed edge on from 
our line of sight. Hubble Space Telescope 
images have shown this disc in remarkable 
detail, revealing intricate structures in the dust 
The dark dust lane encircling lanes there. Infrared observations made with 
M104 contributes to its . ° the Spitzer Space Telescope meanwhile have 
Sombrero-like appearance; revealed that, unusually, M104's disc sits 
inset: seen in infrared, M104’s ; within another, larger elliptical galaxy, only 
secret is revealed — it’s part of which we see in visible light and 
actually two galaxies in one which only becomes more fully apparent 


at longer infrared wavelengths. 


1689 


Astronomy is full of mind-bending physics 

— and there’s no shortage of weird and 
wonderful behaviour in and around galaxies. 
Nowhere is this better demonstrated than 
when distant galaxies swarm together in vast 
clusters. Abell 1689 is one such galaxy cluster 
that astronomers have scrutinised intensely in 
recent decades. It lies at the heart of Virgo, 
around 7.5° east of the bright star Porrima 
(Gamma Virginis). At a distance of over two 
billion lightyears from us, and extremely faint, 
this cluster is not one you'll be tracking down 
through the eyepiece of a modest back-garden 
telescope. But thanks to the powerful orbiting 
eye of the Hubble Space Telescope, this faraway 
galactic gathering has been imaged in spectacular 


detail revealing a lot more than just the individual , ’ ‘aa ¢ The blue, hair-like arcs in this 
glowing members of the cluster itself. ‘ image are galaxies beyond 
Scan your eyes over Hubble's image of ; Abell 1689 made visible by 
Abell 1689 (right) and you might see what gravitational lensing 
makes the cluster so interesting. Scattered 
throughout it are thin, hair-like arcs of light. it, causing it to behave like a lens. Though the — might otherwise be unable to see. Indeed 
These aren't exotic celestial structures, but quality of the image provided by this in 2008 researchers announced that they‘d 
highly warped visions of other galaxies that gravitational lens might raise eyebrows in used Hubble, in conjunction with the Abell 
sit far beyond the cluster. These arcs appear amateur telescope-making circles, the lens 1689’s gravitational lens, to observe a 
because the huge combined mass of the shares one key trait with the telescope lenses _—_—_ distant galaxy in the early Universe, some 
cluster galaxies distorts the space surrounding we use: it can reveal distant objects that we 700 million years after the Big Bang. > 
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M87 is so vast that it provides 

a home to several trillion stars 
and a supermassive black hole; 
inset: Chandra X-ray images 

of M87 shows clouds of 
superheated gas billowing inside 


Look at any image of the rich fields of 
galaxies in and around the constellation of 
Virgo, and among the stars and galactic swirls 
that fill your view you'll see numerous bright 
ovals of light. These are elliptical galaxies 
and although they may not have the beauty 
or spectacular star-forming regions of their 
spiral cousins these often vast stellar swarms 
are some of the most enigmatic intergalactic 
inhabitants we know of. Foremost among 

the ellipticals in this part of the sky is the 
gargantuan M87. It’s truly a giant — a recent 
study by astronomers at the European 
Southern Observatory was able to determine 
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the size of the halo of stars around the 
galaxy: the ring of stars spans about 
980,000 lightyears, dwarfing the Milky 
Way’s stellar halo, which measures roughly 
640,000 lightyears across. 

However, M87’s most famous feature 
is not its size but what lies at its heart: a 
supermassive black hole. Unlike the Milky 
Way's central black hole M87’s is active. 
Images of the galaxy show an enormous 
jet emanating from the black hole; the jet is 
glowing due to light released by high-energy 
particles that are racing at tremendous 
speeds along magnetic field lines within it. 


Aside from the jet and some globular 
clusters, though, the rest of M87 might seem 
rather bland in visible-light. At other 
wavelengths, however, a hidden maelstrom 
of activity in and around the enormous 
galaxy is revealed. Radio telescopes, for 
example, have observed huge glowing 
streams of material associated with the 
black-hole jet, while X-ray images from the 
orbiting Chandra observatory show immense 
swirling clouds of superheated gas within the 
galaxy. Something to consider the next time 
you set eyes on that seemingly placid, fuzzy 
patch in your telescope’s eyepiece. 


THE VIRGO 


GALAXY ' 
CLUSTER. 


Ask a seasoned stargazer to name one of their favourite spring 
“galaxies to observe and chances are it'll be located in Virgo. 
The constellation boasts an extraordinary array of galactic 
treasures, including some of the most famous in the sky. It’s 
perhaps no surprise then that many of the galaxies crowding 
into this part of the heavens are.associated,-that is they’re all 
part of an enormous - and in cosmic terms relatively nearby 
— grouping known as the Virgo Galaxy Cluster. Recent surveys 
suggest that there are some 1,900 galaxies in this cluster, 
which sits roughly 56 million lightyears from the Milky Way. 
The cluster counts within its number many relatively bright 
galaxies that are familiar to amateur astronomers — for example 
M87 as well as M86, M84 and the others that make up the 
sweeping curve of galaxies known as Markarian’s Chain. The 
heart of the cluster itself lies in the region around 6° west of 
the star Vindemiatrix (Epsilon Virginis). However, modern 
studies have shown that there are members of the cluster 
spread all over this.patch of sky, with some in neighbouring 
constellations of Coma Berenices and Leo too. . 


Stare into the abyss and * 
the abyss stares back: 

NGC 4438 and 4435 form 
a pairing known as The Eyes 
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The string of galaxies known 
as Markarian’s Chain can be 
_ seen through small telescopes 


NGC 4438 


Looking out into the cosmos, the distances to 
even the nearest galaxies can seem immense, 
and yet spiral galaxies collide frequently. As 
two galaxies approach, their gravitational 
interactions cause them to distort each other. 
You can get a sense of what happens when 
spiral galaxies engage this way if you look 
into the constellation of Virgo — specifically 
within Markarian’s Chain. In the chain are 
two galaxies — known as The Eyes — that lie 
roughly 50 million lightyears from us. The 
pair are catalogued as NGC 4438 and 
NGC 4435, and deep images of NGC 4438 
show a contorted jumble of scattered dust 
lanes and ribbon-like streams of stars around 
a brighter, central region. Astronomers 
think that what we're seeing in NGC 4438 
is actually a spiral galaxy that’s been 
disrupted by a violent encounter with the 
elliptical galaxy M86, which now sits less 
than 0.5° away on the sky. > 
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THE WHIRLPOOL 


GALAXY 


This journey across Virgo’s ethereal realm of 
galaxies has taken us across some 60° of the 
sky and we end our exploration of this 
extraordinary region with one of the most 
beautiful galaxies anywhere on the celestial 
sphere. M51, otherwise known as 

the Whirlpool Galaxy, has captivated 
astronomers for centuries and continues to 
intrigue both amateurs and professionals 
today. M51 was being scrutinised by 
astronomers long before its true nature 

—as a galaxy in its own right and not just 
another glowing nebula within the Milky 
Way — was really known. 

William Parsons, the third Earl of Rosse, 
famously sketched M51 in 1845 using the 
enormous Leviathan of Parsonstown, a 72-inch 
reflecting telescope housed at Birr Castle in 
Ireland. His exquisite drawing clearly depicts 
the sweeping form of the Whirlpool — and its 
neighbour, the galaxy NGC 5195 — that’s 
instantly recognisable in the astro images 
taken with today’s photographic equipment. 

Our perspective of M51, looking down on 
the galaxy’s disc, affords us a superb view of 
the physics unfolding there. Within the disc, 
density waves have formed spiral arms, which 


The swirling spiral of 
M51 has been fascinating 
stargazers for centuries 


are home to vast numbers of hot, relatively causing the gas clouds to shine with the 

young, blue stars. Photographs of the galaxy — characteristic ruby hue of glowing hydrogen. 

reveal another striking feature of these arms: These dramatic flourishes of star formation 

numerous crimson patches of light scattered aren't the only dynamism on display with the 

throughout M51's disc. This feature is one Whirlpool Galaxy either. NGC 5195 is 

that, just like the hot young stars, is testament _ interacting with M51 and long-exposure 

to the star formation occurring there. These images of the pair show extensive swathes 

crimson patches are regions where the of stars — known as tidal streams — near the 
4 William Parsons revealed the spiral radiation of infant and newborn stars is galaxies that have been drawn out during 
structure of M51 with his Leviathan telescope exciting their surrounding maternal nebulae, this gravitational dance. @ 


Although none of the galaxies faint, fuzzy blob. That’s not to 
we've covered here are visible say there aren't brighter examples 
to the naked eye, several, such that show more structure or 

as M104 (the Sombrero Galaxy) interesting features, such as M104’s 
and M51 (the Whirlpool Galaxy), dark bar, though. As with many 
are fine sights through amateur celestial objects the key to seeing 
telescopes. If you've never more detail is to get away from 
observed a distant galaxy light pollution and use a larger 
through a telescope before, aperture telescope. If you don’t 
you'll soon realise why many have one then pay a visit to your 
astronomers affectionately refer local astronomical society 

to deep-sky objects as faint fuzzies. | observing evening or star party 

It's a description that sums up during the galaxy seasons of 
rather well the view of many spring and autumn. These events 
galaxies through the eyepiece of often provide access to large- 

a modest amateur telescope: a aperture instruments. The author’s sketch 


of M104, its dark bar 
clearly visible 


skyatnightmagazine.com 2017 


PETE LAWRENCE 


JUNE 49 


THE SKY GUIDE @ © @ 00 HS > 


WRITTEN BY 
PETE LAWRENCE Stephen Tonkin’s 


BINOCULAR TOUR 


Pete Lawrence is an Turn to page 60 for six 
expert astronomer of this month’s best 


and astrophotographer binocular sights 
with a particular 


interest in digital 

ete eee oh June and July are the best months to catch a rare display of noctilucent 
hes eee onThe | Clouds. These are the highest clouds on the planet, able to reflect the 
Sky at Night each Sun's light at night. As we approach the next solar minimum, theory 


predicts we should get to see more widespread displays. 


month on BBC Four. 
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The northern hemisphere’s noctilucent cloud (NLC) season is 

in full swing during the months of June and July, so keep an 
eye out 90-120 minutes after sunset low in the northwest or a 
similar time before sunrise low in the northeast. You may just catch 
a glimpse of these elusive but beautiful clouds on the edge of space. 


MONDAY 


(G) Saturn 

a to 
gain an extra 
‘moon’ in the early 


hours, as it passes the mag. +10.2 
star TYC 6260-1545-1. 


appears 4,2° 
sky, rising in the east-northeast 


WEDNESDAY 
Venus 
|, 1 north of the Moon 
in the morning 
approximately one hour and 
20 minutes before the Sun. 


The northern hemisphere’s 
summer solstice occurs today. 


WEDNESDAY 


Mag. +12.5 

comet 41P/ 
Tuttle-Giacobini- 
Kresak is 0.9° from 


the mag. +8.8 planetary nebula 
NGC 6572 in Ophiuchus during 
the early hours. This planetary is 
also known as the Blue Racquetball 
for its vibrant cyan hue. 


THURSDAY P> 


The 
mag. +0.9 giant 
star Aldebaran 


(Alpha (a) Tauri) is occulted by a 
3%-lit waning crescent Moon at 
16:15 BST (15:15 UT). Reappearance 
occurs at 17:09 BST (16:09 UT), 
with both events happening 
during daylight hours. 


FAMILY STARGAZING — ALL MONTH 


An interesting way to show how the Sun’s position changes 

in the sky is to record the position of a shadow. The shadow 

could be of something attached fo a window cast on a wall, 
or a stick cast on the ground. At the same time of day whenever 
possible, for example noon GMT on a weekend day, mark the 
position of a distinctive part of the shadow. Over the weeks and 
months that follow, the marked pattern will slowly reveal the 


JUNE HIGHLIGHTS 


Your guide to the night sky this month 


TUESDAY 


(By The June 

D) boat 
meteor shower 
reaches its 


peak. Activity for this shower 
is very variable and it’s not 
always possible to predict 
what will be seen. 


THURSDAY > 
Comet C/2015 V2 
Johnson remains 

at its peak predicted 

magnitude of +6.7 until 

15 June. The comet travels south 

through Bodtes and into Virgo 

during this period. Meanwhile, 
12th-magnitude comet 71P/ 

Clark (mag. +11.8) appears 2° 

from mag. +1.0 Antares (Alpha 

(a) Scorpii) in the early hours. 


MONDAY 


There's a double 
Europa/lo shadow 
transit of Jupiter tonight. 
The event begins with 
Europa itself at 19:29 BST (18:29 
UT) and concludes at 00:13 on 
the 6th (23:13 UT) as Europa’s 
shadow leaves the disc. There 
will be two shadows in transit 
between 21:48 and 23:49 BST 
(20:48 and 22:49 UT). 


WEDNESDAY 


(G) Mag 

oO); 3 
Mercury and 
+1.7 Mars 


appear just 47 arcminutes 
apart, low over in the southwest 
part of the sky this evening. 
Mars will be difficult to spot in 


the bright evening twilight sky. 
Try to find both planets 20 


minutes after sunset. 


change in the Sun’s position in the sky. Surprisingly, the shape 
looks like a skittle in a 10-pin bowling alley! For more family 
stargazing visit www.bbe.co.uk/cheebies/shows/stargazing 
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TUESDAY > 
Comet C/2015 
V2 Johnson will 
be 5° from mag. +0.2 
Arcturus (Alpha (a) 
Bodtis) in the early hours. The 
comet is expected to be at 
mag. +6.7 at this time. 


THURSDAY 


fC) Saturn is at 

Postion, 
It's at this time 
that its rings can 


appear brighter than normal 
thanks to the Seeliger effect. 


SUNDAY 


Today's 
sunset is 
the latest 
for the year. 


This is out of alignment with 
the solstice (21 June) due to 

a variation between solar and 
clock time referred to as ‘the 
equation of time’. 


SATURDAY 


Venus reaches 
greatest western 
elongation today; it will 
appear to be 46° from 
the Sun in the morning sky. Staying 
with the planetary theme, at 
22:30 BST (21:30 UT) there’s a 
surprisingly uncommon opportunity 
to catch a perfect family portrait 
of Jupiter and its four Galilean 
moons very close to the disc. 


SATURDAY 


The earliest — 
1 7 sunrise for the. 

year occurs this 

morning. 


The Moon is currently 
showing a favourable 
libration for the northwest limb. 
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SUNDAY 
Jupiter is 1.25° 
south of the 74%-lit 
waxing gibbous Moon, 
due west, in the early 
hours of the morning. Both are 
beginning to set at this time. 


FRIDAY 
Saturn will be 2.3° 
south of the full 
Moon this evening. 


NEED TO 


KNOW 


The terms and symbols 
used in The Sky Guide 


UNIVERSAL TIME (UT) 
AND BRITISH SUMMER 
TIME (BST) 

Universal Time (UT) is the 
standard time used by 
astronomers around the 
world. British Summer 

Time (BST) is one hour 
ahead of UT. 


RA (RIGHT ASCENSION) 
AND DEC. (DECLINATION) 
These coordinates are the 
night sky’s equivalent of 
longitude and latitude, 
describing where an object 
lies on the celestial ‘globe’. 


$ FAMILY FRIENDLY 
i? Objects marked with 
this icon are perfect for 
showing to children 


NAKED EYE 
© Allow 20 minutes for 
your eyes to become 
dark-adapted 


FO) PHOTO OPPORTUNITY 
Use a CCD, planetary 
camera or standard DSLR 


OD BINOCULARS 


10x50 recommended 


SMALL/ 

MEDIUM SCOPE 
Reflector/SCT under 6 inches, 
refractor under 4 inches 


LARGE SCOPE 
Reflector/SCT over 6 
inches, refractor over 4 inches 


am astronomny bax j 
a y See 


GETTING STARTED 
IN ASTRONOMY 


If you’re new to astronomy, 
you'll find two essential 
reads on our website. Visit 
hitp://bit.ly/10_Lessons for 
our 10-step guide to getting 
started and http://bit.ly/ 
First Tel for advice on 
choosing a scope. 


< FRIDAY 
(Dy This 
ee caing 
the brilliant 
planet Jupiter 
will be just 5.8° from the first 
quarter Moon. 
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DON'T MISS 


SERPENS . 


June comets 


WHEN: All month, but best conditions 
will likely be in the second half of June, 
when the Moon is out of the way 


The first half of 2017 has been 
good for binocular comets and 
we've been following several 


over recent months. During June and 
July there’s a final opportunity to catch 
comet C/2015 V2 Johnson from the UK, 
before it disappears below the horizon. 
This comet is predicted to be brightest 
during the first week of June when it 
should reach mag. +6.7. By the end of the 
month it will have dimmed only slightly 
to mag. +7.0 which still keeps it within 
binocular range. The Moon won’t help 
matters during the first half of June, but 
after the 13th it should be possible to 
dodge any serious interference. 


THE BIG THREE 


The three top 
sights to observe 
or image this month 


COMA . 
BERENICES 
Be 


_ C/2015 V2 


Johnson 


al” > 16 Jun : 


21 Jun oe 


= Bin 
ul 


> 16 Jul 


* 221 Ju 


4 C/2015 V2 Johnson passes from Bootes through Virgo as it vanishes from UK horizons 


At the start of June it is approximately 
5° south of mag. +2.5 Izar (Epsilon (e) 
Bodtis), after which it passes south to sit 
roughly 4° east of mag. +0.2 Arcturus 
(Alpha (a) Bodtis) on 5 and 6 June. It 
appears a little over 2° west of mag. +4.5 


* OPHIUGHUS 


Zeta (C) Bodtis at 01:00 BST (00:00 UT) 
on 9 June. Centre Zeta in a pair of 
binoculars and the comet should appear 
as a smudge at the 3 o'clock position. 

On 15 June, C2015 V2 Johnson slips 
over the border into Virgo. It crosses 


the imaginary line between the stars 
109 Virginis and Tau (t) Virginis (mag. 
+3.7 and mag. +4.2) on the night of 
19 June. Continuing south, its journey 
takes it 0.5° west of mag. +4.1 Iota (t) 
Virginis at 12:00 BST (11:00 UT) on 
27 June. From the UK it appears 0.66° 
northwest of Iota at 01:00 BST (00:00 UT) 
on 27 June, and 1° southwest of it at the 
same time on 28 June. 

The comet continues its southerly 


WIC AOA. 
Pd (@\. 
Pil \ p jeO 
#* IC 4605 * ig 2 
H Og 


plunge throughout July and will probably 
be lost from view in the UK from the 
third week of July onwards. On the night 
of the Ist it passes extremely close to mag. 
+4.2 Kappa (k) Virginis. Closest approach 


a, ° \ TON ane 
“SCORPIUS 


21 Jun W 


a! fone “Qs 


Ttdun "te 


M4, ae 


7 J Collinder 302 
e; 


ee? 


26 Jun W 71 P/Clatk : eo’ 


“¢ 
e. 


4 Comet 71P/Clark is close to Antares in early June; the bright star should help you find it 
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is around 22:30 BST (21:30 UT) when the 
comet will be approximately 1 arcminute 
to the east of this star. 

Comet 71P/Clark will present more 
of a challenge, but its proximity to 
mag. +1.0 Antares (Alpha (a) Scorpii) 
should help. At mag. +11.8, the comet 
is a telescope object and is slightly less 
than 2° east-southeast of bright Antares 
at 01:00 BST (00:00 UT) on 1 June. At 
01:00 BST (00:00 UT) on 4 June it passes 
between Antares and mag. +2.8 Tau 
(t) Scorpii, crossing the imaginary line 
joining them, four-fifths of the way 
along from Antares. 
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Noctilucent 


CLOUDS 


WHEN: All month, times as specified 


Noctilucent cloud (NLC) season 
OE typically runs from late May 
through to early August, with June 


and July being the months most likely to 
deliver a display. Noctilucent or ‘night- 
shining’ clouds are the highest clouds on 
the planet, formed in the mesosphere, in a 
narrow layer 76-85km up. One of the prime 
seeding agents for their formation is the 
fine dust left behind after a meteor 
vaporises in the atmosphere. 

Their appearance is not guaranteed 
and spotting them can be tricky at UK 
latitudes. There’s no guarantee that they 
will be present on any given date and even 
if they are, you'll need good clear skies, a 
low horizon and to be looking at the right 
time. They appear to shine at night because _ before sunrise. The reason they appear 
even when the Sun is below the horizon in these directions at these times is 
from the ground, from their altitude they _ because the brightest reflections occur 
can still ‘see’ it above the horizon. Sunlight directly above the Sun’s position below 
reflects off them and they appear bright the horizon. Ifa really extensive display 
against the deep twilight summer night sky. _ occurs, it’s possible to watch it spread 

Look for them low down ina northwest from the northwest, through north 
direction 90-120 minutes after sunset, or and through to the northeast as it 
a similar time low down in the northeast tracks the Sun’s position. 


90-120 minutes after sunset 


90-120 minutes before sunrise 


4 Direction and timing are critical to seeing NLCs; a flat horizon is also highly recommended 


A few years ago, NLC displays were 
widely reported from the UK and it became 
something of a regular activity to report 
and photograph them. Over recent years 
the displays have been less common, but 
it’s always worth keeping an eye out. If 
they are there, they typically appear with 
an electric blue colour, often displaying a 
fine network of rippling patterns. 


A family portrait 


WHEN: 3, 5 and 12 June at the specified times 


3 June at 22:20 BST (21:20 UT) 


Callisto 


=> 


Jupiter’s largest and 
brightest moons, the 
Galilean satellites, 


can be easily seen through a 
small telescope. The quartet 
appear to pass back and forth 
either side of Jupiter, with only 
outer Callisto able to miss 

the planet’s disc when tilt 
conditions are right. 

The other three sometimes 
pass in front of, and sometimes 
behind, Jupiter’s disc. On 
5 June, between 21:48 and 
23:49 BST (20:48 and 22:49 
UT), there’s a chance to see 
the shadows cast by Io and 
Europa both crossing the 
disc at the same time. A 
similar situation occurs on 


crossing Jupiter between 
00:26 and 02:50 BST 
(23:26 and 01:50 UT). 

Earlier in the month, on the 
3rd, there is a surprisingly 
uncommon opportunity to 
catch two moons close and 
west of the planet with the 
other two close to the east. 
This almost perfect family 
portrait is further enhanced 
by the Great Red Spot being 
centrally positioned. There is 
a catch though, as this 
arrangement occurs at 20:05 
BST (19:05 UT), while the Sun 
is still up. From the UK, the 
best opportunity occurs at 
22:20 BST (21:20 UT) ina 
darker twilight sky, when you 


the night of 12/13 June, with should just catch Ganymede 


4 Jupiter’s perfect portrait can be seen at 20:05 BST (top) though the 
sky may be too bright; if that’s the case, wait for darker skies (bottom) | both Io and Europa’s shadows _ before it starts to transit. 
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STAR NAME 


PERSEUS CONSTELLATION 


NAME 
— GALAXY 
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GLOBULAR 
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PLANETARY 
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DOUBLE STAR 
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THE PLANETS 


PICK Wirle 


MONTH 


SATURN 

BEST TIME TO SEE: 15 June, 

01:00 BST (00:00 UT) 

ALTITUDE: 15° 

LOCATION: Ophiuchus 

DIRECTION: South 

FEATURES: Rings, atmospheric banding, 
occasional white spots, moons 


EQUIPMENT: 6-inch or larger scope 


Saturn reaches opposition on 15 June, 
a time that finds the planet in the 
opposite location to the Sun in the sky. 
This also creates a situation where the 
distance between Earth and Saturn is 
minimised for the current period of 
visibility, bringing the planet to a position 
where it appears slightly larger and 
brighter than normal. 

Being opposite the Sun in the sky during 
the month of June isn’t particularly 


A low altitude Saturn 
above Mars and 
Antares in 2016 


PETE LAWRENCE X 3 


THE PLANETS IN JUNE 


VENUS 

15 Jun 
MERCURY 
1Jun 
MERCURY ‘ 
15 Jun Ay 
MERCURY 
30 Jun 
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SAGITTARIUS 
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OPHIUCHUS 


4 Saturn, ever the slow mover, remains close to Ophiuchus’s eastern leg in June 


favourable for mid-northern latitudes 
because this is the time of year when 

the Sun is at its highest during the day. 
Consequently, Saturn is very low in the 
night sky and from the centre of the UK it 
barely scrapes an altitude of 15° even 
when at its highest, due south. 


MARS 
15 Jun 


JUPITER 
15 Jun 


The phase and relative sizes of the planets this month. Each planet is 
shown with south at the top, to show its orientation through a telescope 


Any changes to the appearance of 
Saturn at opposition tend to be relatively 
subtle except, that is, for the rings. 
These appear to brighten quite noticeably 
around the opposition date thanks to 
what’s known as the Seeliger effect. 

At opposition we get to see the ring 
particles illuminated head on with 
their shadows hidden behind each 
particle’s face. The net effect is that 
the rings brighten for several days 
around the opposition date. 

At opposition the planet will have a 
magnitude of 0.0, making it a relatively 
easy naked-eye object to find as it sits 
close to the eastern leg of the constellation 
of Ophiuchus, the Serpent Bearer. If 
you're still not sure which object in the 
sky is Saturn, look due south around 
01:00 BST (00:00 UT) on 10 June, where 
the bright full Moon will be obvious. 
Saturn will be 2° below the Moon’s 
southern edge at this time. 


SATURN URANUS NEPTUNE 
15 Jun 15 Jun 15 Jun 
e - 


SS 
0” 10” 20” 30” 40” 50” 60” 
ARCSECONDS 


JUNE 


Using a small scope you'll be 

able to spot Saturn's biggest = 
moons. Their positions change « 
dramatically during the month, 
as shown on the diagram. The 
line by each date on the left 
represents 00:00 UT. 


Y 


THE SKY GUIDE @ ©@ i@ 00 > Ge 


SATURN'S MOONS 


MERCURY 

BEST TIME TO SEE: 30 June, 
22:10 BST (21:10 UT) 
ALTITUDE: 2° (low) 
LOCATION: Gemini 
DIRECTION: Northwest 
Mercury begins the month as 
a morning object that barely 
gets above the east-northeast 
horizon before sunrise. 
However, for the first 10 or so 
mornings it will be relatively 
bright, and if you have a good 
flat horizon from the 


nearby on these dates. Venus 
appears as an 18-arcsecond 
diameter, 62%-lit gibbous disc 
at the end of the month. 


JUPITER 

BEST TIME TO SEE: 1 June, 
22:45 BST (21:45 UT) 
ALTITUDE: 30° 

LOCATION: Virgo 
DIRECTION: South-southwest 
Jupiter is no longer able to 
culminate (reach its highest 
point in the sky due south) in 


oc northeast through to the darkness. Instead it appears 
east-northeast you may catch west of the meridian as darkness 
2 e a glimpse of it. On 1 June it falls. A 74%-lit waxing gibbous 
3 shines at mag. —0.3, while on Moon pays Jupiter a close call 
10 June it will have brightened —_ on the night of 3 June and 
44 to mag. —1.0. Superior into the following morning. 
5 \ conjunction occurs on the Minimum separation occurs 
21st, after which Mercury around 02:20 BST (01:20 UT) 
6 . reappears in the evening sky. when both objects will appear 
7 5 At the end of the month look just 1.4° apart, centre-to- 
for it 20-30 minutes after centre. The Moon pays Jupiter 
3 sunset, close to the northwest —_a second call on the night of 
9 horizon, where it will be 30 June, but this time the first 
10 shining at mag. —1.1. quarter Moon will appear 
around 5° away as midnight 
11 VENUS approaches and they are about 
12 BEST TIME TO SEE: to set. Jupiter dims slightly 
20 & 21 June, from throughout the course of the 
13 04:00 BST (03:00 UT) month, from mag. —2.2 on the 
14 ALTITUDE: 10° (low) 1st to -2.0 by month end. Its 
LOCATION: Aries apparent size also decreases 
15 DIRECTION: East from 41 arcseconds to 37 
16 Venus is at greatest western arcseconds in this period. 
elongation on 3 June, when it 
1g will appear separated from the NEPTUNE 
18 4 Sun by 46° in the morning BEST TIME TO SEE: 30 June, 
sky. It should be showing a 01:22 BST (00:22 UT) 
si . phase of 50% lit and appear 23. ALTITUDE: 9° (low) 
20 «x arcseconds across on this date, - LOCATION: Aquarius 
21 but visually the half phase DIRECTION: East-southeast 
x may appear a few days later Dim and distant Neptune is 
22 ° due to the Schroter effect. slowly crawling away from 
23 7 On the 3rd, the planet is the Sun and into the morning 
mag. —4.3 and just 1.7° from sky. However, at this time of 
24 dim Uranus, but the bright year true darkness is in short 
25 morning twilight will make supply and this hinders the 
this a difficult conjunction to __ visibility of this mag. +7.9 
26 see. As the month progresses, _ planet. If you do want to try, 
27 Venus’s position improves due it can be found low in the 
to the morning ecliptic east-southeast around 
28 forming a steeper angle with 01:20 BST (00:20 UT) at the 
29 <> the eastern horizon around end of the month. On 30 June 
30 sunrise. We’ve listed the best it appears 15 arcminutes east 
<> time to locate Venus as the of mag. +6.2 star 81 Aquarii. 
1 > mornings around the June 
solstice because there will bea | NOT VISIBLE THIS MONTH 
3 2 H ° I 2 3 lovely waning crescent Moon — Mars and Uranus 


arcminutes 


Tethys @ Dione @ Rhea @ Titan @ lapetus |) Saturn <= > YOUR BONUS CONTENT > Planetary observing forms 
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There’s a lot to discover 
within the Mare Imbrium, 
the dominant lunar 

sea of the Moon’s 
northwest quadrant 


SINUS 
IRIDUM 


MONTES 
JURA 


MARE IMBRIUM 


TYPE: Lunar sea 

SIZE: Approximately 
1,250km across 
LOCATION: 14.9°W, 35°N 


AGE: Estimated at 3,938 
(+4) million years 

BEST TIME TO SEE: Two 
days after first quarter or 
one day after last quarter 
(2-6 June and 15-19 June) 
EQUIPMENT: 10x binoculars 


Some lunar features are so large 
that it’s easy to forget that they 
are singular features in their 
own right. This is certainly the 
case with the Mare Imbrium, 
the Sea of Showers, which 
dominates the northwest 
quadrant of the Moon’s Earth- 
facing side. It’s easy to see with 
the naked eye as one of the most 


prominent of lunar seas. 
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The formation of the Mare 
Imbrium would have begun 
around four billion years ago 
when, during the Late Heavy 
Bombardment period, a large 
body impacted the Moon’s 
surface. The impact depressed 
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and cracked the Moon’s crust, 
and the resulting lava that 
flowed up through these cracks 
filled the impact basin. The 
dark lava now sits in contrast 
with the surrounding highland 
regions except to the southwest 
where its surface joins smoothly 
with other nearby seas. 
Imbrium has a remarkably 
untouched surface considering 
its vast area. A few of the more 
obvious craters interrupting its 
surface are Le Verrier (20km) and 
Helicon (25km) to the northwest, 
and Timocharis (35km), Lambert 
(30km), Pytheas (20km) and 
Euler (28km) in the south. The 
largest craters are to the east, 
dominated by Archimedes 
(83km), with Aristillus (55km) 
and Autolycus (40km) closer to 
the mare’s eastern boundary. 
This edge is particularly 
impressive, especially in the 
southeast where it is marked by 


the lunar Apennine mountain 
range. The range appears as an 
arc approximately 600km in 
length, defining the southeast 
boundary. It contains peaks 
rising 5km above the mare floor. 

The range peters out to the 
south, coming to a rather tapered 
end. After a brief flat region 
covered in impressively bright 
ejecta from crater Copernicus, 
the boundary reappears in the 
form of the Montes Carpatus 
range. This is characterised by 
high mountains criss-crossed 
by deep valleys. 

Imbrium’s northeast edge is 
marked by the spectacular 
lunar Alps and contains that 
most distinctive of telescopic 
Moon features, the Alpine 
Valley (Vallis Alpes), the link 
between the Mare Imbrium 
and the Mare Frigoris. It is so 
straight and regular that it 
looks just like an artificial 
roadway. It’s a feature known 
as a grabben, a region that has 
fallen in height between two 
virtually parallel fault lines. 

The area directly north of 
Imbrium is defined by the 
impressive 101km lava filled 
crater Plato, the dark floor of 
which contrasts starkly with 
the surrounding bright highlands. 
A number of mountain tops 
can be seen poking up through 
the lava that fills the basin 
immediately south of Plato. 
Some of these are clustered 
together such as the rectilinear 
form of the Montes Recti and 
Montes Teneriffe. Others are 
solitary, casting immense 
shadows across the smooth 
mare floor. The most impressive 
are Mons Pico (2.4km high) 
and Mons Piton (2.3km). 

As the boundary of Mare 
Imbrium arcs north past 
Plato it begins to curve 
south again. Here it is 
interrupted by the beautiful 
semi-circular Sinus Iridum, 
the Bay of Rainbows. This is 
particularly attractive when 
it lies on or near the lunar 
terminator, especially during 
the waxing gibbous phase. 


“Imbrium’s dark lava sits in contrast with 
the surrounding highland regions” 
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COMETS AND ASTEROIDS 


Minor planet Juno has a close call with a Wild Duck 


This month you can see 
Juno in the vicinity of 
_ Aquila and Scutum 


Minor planet Juno reaches 
opposition on 2 July. In June, 
you can find it passing close to 
the tail of Aquila, the Eagle, 
incidentally the same general 
area we cover in our Deep- 
Sky Tour on page 62. 

This was the third minor 
planet discovered after Ceres 
(now a dwarf planet) and 


* . Trumpler 35 


21 Jun. aaeette 
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Pallas. It was discovered by 
German astronomer Karl 
Ludwig Harding in September 
1804 and is now known to be 
the 11th-largest of this class 

of body. It is also a main belt 
asteroid, with an orbital period 
of 4.36 years. At perihelion it 
comes within 2.0 AU (299 
million km) of the Sun, moving 
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out to 3.3 AU (494 million km) 
at aphelion. 

At 01:00 BST (00:00 UT) 
on 1 June, Juno can be found 
roughly mid-way between 
mag. +3.4 Lambda (A) and 
mag. +4.0 12 Aquilae. From 
this location, it slowly moves to 
the west, passing across the 
border from Aquila and into 


Scutum on 10 June. Its 
westward track has it passing 
just less than 2° north of the 
wonderful Wild Duck Cluster, 
M11, on 18-21 June. At this time 
it'll also be about 0.33° north of 
9th-magnitude open cluster 
NGC 6704, and this is a possible 
photographic opportunity. 

On the night of 24 June and 
into the morning of 25 June, 
Juno passes 8 arcminutes south 
of mag. +4.2 Beta (8) Scuti and 
ends the month 1° south of the 
mag. +9.2 open cluster 
Trumpler 35 (Collinder 388). 

Juno brightens from mag. 
+10.2 on the Ist to +9.8 by the 
30th. The best way to see it is 
either through large binoculars 
or through a small scope. The 
best way to identify it is to sketch 
or image the area of sky you 
believe it to be in, then, repeat 
the process another night and 
compare your results. If one 
of the ‘stars’ appears to move, 
this is likely to be Juno. 


STAR OF 


THE MONTH 


R Coronae Borealis - the 
sooty star that dims with 
no predictable pattern 


Corona Borealis, the Northern Crown, is a 
semicircular pattern of stars located off the 
northeast shoulder of Bodtes. It is prominent 
during spring but can be seen all year round 
if you are prepared to put in some early 
mornings. The shape encloses an area of sky 
in which you may, or may not, see a faint star 
on the threshold of naked eye visibility. This is 
R Coronae Borealis, a remarkable variable 
star with an irregular period. 

At its brightest R Coronae Borealis is 
on the edge of naked-eye visibility at mag. 
+5.9, but it is known for its unpredictable 
drops in brightness, taking typically a year 
to recover. Back in 2007 it began to fade 
to an unprecedented minimum, reaching 
15th magnitude by the summer of 2009. It 
remained dim before eventually exhibiting 
a slow brightening to mag. +12.0 by summer 
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CORONA 
BOREALIS 


4 You can check the current brightness of R Coronae Borealis by comparing it fo its neighbours 


2011. Approximately two years after it started 
to climb, R Coronae Borealis had dimmed 
again. This collapse took it back to 14th 
magnitude. It recovered to 12th-magnitude by 
spring 2012, peaking at mag. +10.5 in spring 
2013, then plunged back to mag. +14.5 that 
autumn. Another brief peak occurred before it 
fell back to mag. +15.0 by the end of 2013. By 
the start of 2015, it had almost managed to 


recover, reaching 7th-magnitude. This again 
was short-lived, but by the start of 2017 it 
was on the increase again. 

The reasons for the variations are related 
to R Coronae Borealis being a carbon star. It 
sheds carbon rich clouds into space which 
cool fo form soot. The soot blocks the star's 
light causing it fo dim but when the clouds 
disperse, it appears to brighten once more. 
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STEPHEN TONKIN’S 


BINOCULAR TOUR 


Famous globulars and lesser know binaries 
rub shoulders in Ophiuchus and Libra 


[Mf Tick the box when you've seen each one 


1M5 


MS is a fine globular cluster adjacent to 

the mag +5.0 star 5 Serpentis (itself 8° 
west of mag. +5.2 Omega («) Serpentis), and 
it may be just visible to the naked eye in a dark 
and transparent sky. The globular contains 
mostly Population Il stars, which are deficient in 
heavy elements and are thus amongst the oldest 
stars that we can see; perhaps as old as 12 
billion years. In 10x50 binoculars, you should 
notice that it brightens towards the centre, 
exactly like a comet does. 1 SEEN IT 


2 ZUBENELAKRIBI 

Variable star Zubenelakribi (Delta (8) 

Librae; mag. + 5.8 to mag. +4.4) is 
half-way between M5 and Zubenelgenubi 
(Alpha? (a2) Librae). It is an eclipsing binary 
star, meaning a pair of stars in orbit around 
their common barycentre with the orbital plane 
approximately along our line of sight. The fall in 
brightness, which takes about six hours, occurs 
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as the larger dimmer star occults the smaller 
brighter one. Zubenelakribi has a period of 
2.3 days, so even with the short summer nights 
you should have several opportunities to spot 
the magnitude change. C1 SEEN IT 


3 Xi'/Xi? & 17/18 LIBRAE 


Nearly mid-way from Zubenelakribi to 

Zubenelgenubi are two easy-to-split 
stellar pairs. First are the orange stars Xi! (&') 
and Xi? (&) Librae (mag. +5.8 and mag. +5.4), 
separated by 0.75°. Only 0.5° northeast of Xi? 
is the other pair, 17 and 18 Librae. The two 
components, which shine at mag. +6.6 and +5.8, 
are nearly 10 areminutes apart. In both cases, 
the proximity is a line of sight illusion: there are 
about 50 lightyears between 17 and 18, and over 
200 lightyears between Xi! and Xi?, C1 SEEN IT 


A KX LIBRAE 


From Zubenelgenubi, navigate 5.5° 

towards Brachium (Sigma (o) Librae). 
Here you will find a mag. +5.8 star, deep 
yellow in colour. Look closer and you will see 


i) © © OO & THE SKY GUIDE 


that this is actually a double system, with an 
8th-magnitude companion 26 arcseconds to the 
northwest. The brighter of these is KX Librae, 
which is a BY Draconis type variable - this 
means that its variability, which is less than 0.05 
magnitudes, is due to either flares or starspots 
on its surface. This is a true multiple star, with 


an orbital period of 2,130 years. [1 SEEN IT 


5 M12 

Globular M12 is close to the northeast 

apex of an equilateral triangle that has 
mag. +2.7 Yed Prior (Delta (8) Ophiuchi) and 
mag. +2.5 Han (Zeta (¢) Ophiuchi) as its other 
points. Shining at mag. +6.7, the 75 lightyear- 
wide M12 is one of the larger southern globulars 
and is an easy object in 10x50 binoculars in 
moderately good skies. Its core is very indistinct 
for a globular, so much so it was once suspected 
of being a compact open cluster. It’s thought that 
many of its low-mass stars have been stripped 


away by the Milky Way’s gravity. C1 SEEN IT 


6 M10 
Place M12 near the northwest of the field 
of view and you should see another, 
fainter globular. Keeping both in view, mount 
your binoculars and examine them in turn using 
averted vision: when you direct your gaze to 
one of them, you should notice that the other 
one seems to both grow and brighten. This 
will also show you that M10 has a much 
more distinct core than M12. [1 SEEN IT 
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THE SKY GUIDE CHALLENGE 


What's the smallest individual lunar feature you can make out with your eyes alone? 


Our June challenge is 
deceptively simple and requires 
no equipment. We simply want 
you to look at the Moon and 
find the smallest feature 
you can identify. 

The Moon’s Earth-facing 
side shows many bright and 
dark regions. The bright 
regions are the reflective 
lunar highlands, while 
the dark areas are lava- 
filled impacts. The dark 
seas, or maria, form 
patterns often likened to 
familiar things, such as 
rabbits and insects; 
there’s also a Man in the 
Moon, a basketball player 
and the Lady of the Moon. 
Although these have no 
physical relevance, they are 
useful for navigation. We’ll use 
the basketball player and Lady 
of the Moon - outlined red and 
blue here — because they cover 
most of the lunar surface and 
are easy to recognise. 

The basketball player faces 
away from us. His head is 
formed from Mare Imbrium, 

a large circular sea measuring 
1,250km across. His neck and 
shoulders are formed mostly 


4 The basketball player (red) and Lady of the Moon (blue) 
make for surprisingly good navigational aids 

by the Oceanus Procellarum, 
stretching 2,500km north to 
south. The Mare Frigoris 
represents his shooting arm, a 
thin strip of dark lava 1,800km 


in length but only 200km wide, 
and it’s this narrowness that 
makes it hard to pick out. The 
basketball itself is depicted by 
the 620x570km Mare Crisium, 


near the eastern limb. This is 
relatively easy to see. 

The Lady in the Moon looks 
at the basketball player side on. 
Her hair is represented by the 
Mare Serenitatis and the Mare 
Tranquillitatis, both easy 
targets with diameters of 
650km and 700km 
respectively. The Mare 

Fecunditatis sits to the 
southeast of Tranquillitatis 
and its 600x500km 
shape is also relatively 
straightforward. The 
lower-rear portion of 
the Lady’s hair is marked 
by the Mare Nectaris and 
is far harder to make out, 
the sea being only 350km 
in diameter and having a 
lighter surface appearance 
than many of the others. 

The Lady’s eye is marked by 
the Mare Vaporum, darker than 
Nectaris but a tricky 230km 
across. The mouth is depicted 
by the Sinus Medii, the darkest 
portion of which stretches for 
120km north-south and 386km 
east-west. The north-south 
dimension equates to an apparent 
size of 1 arcminute, which is 
around the limit of the human 
eye’s resolving power. They are 
best seen around full Moon. 

Harder still is the Bay of 
Rainbows, or Sinus Iridum, 
forming the basketball player’s 
ear. Its opening is 246km 
(2 arcminutes) wide but the bay 
itself only extends from the 
shore of the Mare Imbrium by 
140km (40 arcseconds). The 
best time to look for it is when 
the terminator is near. 

If you have managed all of 
these, try for the ultimate 
challenge and look for 150km- 
wide crater Grimaldi, the floor 
of which is conspicuously dark 
against its bright surroundings. 
Its foreshortened shape changes 
size with libration; when 
favourably placed it can reach 
75x45 arcseconds. 
< Iridum (left) and crater Grimaldi; 


if you can see both of these with 
the naked eye we salute you 
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DEEP-SKY 


TOUR 


We search out the celestial 
wonders amidst the 
Eagle's tail feathers 


lM Tick the box when you've seen each one 


1 NGC 6751 

All of this month’s Deep-Sky Tour 

objects are located around the region 
of sky representing the lower body and tail 
of Aquila, the Eagle. The first is planetary 
nebula NGC 6751, which can be found at 
the southern apex of a squat isosceles 
triangle that uses mag. +3.4 Lambda (A) 
and mag. +4.0 12 Aquilae as its base. 
NGC 6751 is around 12th magnitude, with 
a central star shining at mag. +13.9. It can 
be seen in a 6-inch scope, but its small 
(10 arcsecond) diameter is best revealed 
with larger instruments. A 10-inch scope 
at 250x magnification shows a circular, 
ring-like object with a bright centre that 
gently fades away towards the outer ring. 
Larger scopes still begin to show dark 
mottling, which becomes especially evident 
south of the core. L] SEEN IT 


2 NGC 6790 
Our next object is NGC 6790, another 
planetary located farther up Aquila’s 
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body, close to the centre of a triangle formed 
by mag. +3.4 Delta (8), mag. +4.6 Nu (v) 
and mag. +5.1 23 Aquilae. At mag. +10.7, 
this nebula shouldn't give much trouble for 
larger instruments, but it is challengingly small 
at just 7 arcseconds. Its size tends to make it 
appear quite star-like at low magnifications, 
so don't be afraid to up the power. Like many 
planetaries, NGC 6790 responds well to the 
use of UHC or Olll filters. The latter can be 
used to confirm you've got it via the ‘blink 
technique’: pass an Olll filter between your 
eye and eyepiece and the nebula should 
maintain its brightness while the stars dim. 
Do this several times and the star-like nebula 
should become obvious. 1 SEEN IT 


3 NGC 6760 


A much easier nearby object for 

smaller scopes is globular cluster NGC 
6760. It an be found 4° southwest of Delta 
Aquilae and at mag. +8.8 should be easy 
to locate. Its identification is further assisted 
by a small asterism of stars nearby forming 
a squashed pentagon, in which NGC 6760 
marks the northern point. A 6-inch scope 
shows a 2-arcminute diameter haze with a 
mottled granularity. Under good conditions, 
150x magnification should resolve some of 
the cluster’s stars. Increased aperture delivers 
extra detail, although even a 10-inch scope 
doesn’t resolve everything. This size of scope 
shows NGC 6750 to be almost double the 
size shown through a 6-inch instrument. 
The larger aperture also reveals a slight 
east-west elongation. F] SEEN IT 


ANGC 6741 
Planetary nebula NGC 6741, also 
known as the Phantom Streak Nebula, 


< Clumps and chains of stars 

become apparent in the Wild 
; Duck Cluster through 
larger instruments 


THIS DEEP-SKY TOUR 
HAS BEEN AUTOMATED 


ASCOM-enabled Go-To 


mounts can now take you to 


this month's targets at the 
touch of a button, with our 
Deep-Sky Tour file for the 
EQTOUR app. Find it online. 


is 2.5° southwest of NGC 6760. This is an 
11th-magnitude object with an overall size 
of 9x7 areseconds. Once again, given its 
size, this object is best suited for larger 
apertures, NGC 6741 appearing quite star- 
like at lower powers. A magnitude +12.7 
star sits just north of the nebula’s centre. 

At powers below 300x it’s difficult to 
separate the nebula and star, especially as 
the dimmer star is a good match for the 
surface brightness of the nebula. It is 7.000 
lightyears from Earth, and has a distinctly 
elongated and somewhat rectangular 
appearance when photographed with 
professional telescopes. L] SEEN IT 


5 NGC 6704 


Our last two objects are easy small 

telescope targets. The first is open 
cluster NGC 6704, situated approximately 
one-quarter of the way along the line from 
Beta (f) Scuti towards 12 Aquilae. Here we've 
left Aquila, hopping next door into Scutum. 
Despite being located against rich Milky 
Way starfields, these aren’t that obvious 
through smaller apertures, resulting in the 
cluster appearing with surprisingly few 
field stars around it. It contains around 
71 members, which together give it an 
integrated magnitude of +9.2. A 6-inch 
scope reveals a mostly hazy patch with just 
a few stars showing individually. Six of these 
form a distinctive wedge-shaped asterism 
that can be used to positively identify 
the cluster. C1 SEEN IT 


6 M11 

Our final target is M11, the Wild 

Duck Cluster. It resides in Scutum 
and can be found by extending the curve 
formed by Lambda and 12 Aquliae through 
mag. +4.8 Eta (n) Scuti. M11 is 1.5° west- 
southwest of Eta and should be just visible 
to the naked eye. A 6-inch scope shows 
around 150 stars, and as you increase 
the aperture the view gets steadily more 
breathtaking, with many stars appearing 
clumped into knots and strings. Its name 
comes from a V-shape of stars that 
resembles the pattern formed by flying 
wild ducks. In total this cluster, 6,000 
lightyears distant, is estimated to contain 
2,900 stars, 500 of which are brighter 
than mag. +14.0. [1 SEEN IT 


Print out this chart and take an 


automated Go-To tour 
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RECOMMENDED EQUIPMENT 


Any camera/telescope setup capable of achieving a wide frame size covering 
45-60 arcminutes, driven equatorial mount, autoguider 


Deep-sky objects come in all shapes, 
brightness and sizes. However, as far as 
astrophotography is concerned, they fall 
into one of two categories — diffuse and 
fuzzy, or star-like. The distinction is 
important because it will influence how 
successful you are at taking photographs 
according to the quality of your sky. 
Light-polluted or hazy skies are, 
unfortunately, rather good at filtering out 


diffuse objects such as nebulae and galaxies. 


However, such skies are less obstructive 
with stars. Granted the background sky 
colour may suffer, but this can be 
addressed in post capture processing. The 
bright, pin-point nature of a star will still 
record through light pollution, and this 
makes objects such as open and globular 
clusters much better targets for low- to 
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The Great Globular in Hercules, M13, 
falls into this category and is an excellent 
target to approach during the spring and 
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M13’s true size anly becomes 
apparent in high dynamic 
range shots; exposing for 

the core only (inset) prevents 
you from capturing some 

of its farther reaches 


early summer months. The period 
surrounding the northern hemisphere’s 
summer solstice, which this year 
occurs on 21 June, is renowned for 
having skies that never get truly dark. 
This is especially true if you live in the 
north of the UK. Even if your location 
doesn’t experience astronomical night, 
a period defined by the Sun being 
greater than 18° below the horizon, 
you can still image M13 as long as 
your skies reach a deep twilight. 

M13 is listed as having a magnitude 
of +5.8 and, indeed, under clear dark 
skies it can just be seen with the naked 
eye. Photograph it through a telescope 
with a camera attached and the core will 
record fairly quickly. Perhaps it’s the 
euphoria of achieving any result at all, but 
many newcomers stop when they reach 


bh Send your image t 
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Imaging the Great Globular in Hercules 


this stage. In reality, core photos account 
for around 15-20 per cent of M13’s 
apparent diameter; with a bit of additional 
work much of its otherwise hidden 
charms can be brought back into frame. 

The core is relatively bright and represents 
the part of the globular that can be seen 
with the naked eye. It occupies a circle 
approximately 5 arcminutes across. Longer 
exposures start to reveal the filigree star 
halo that surrounds this region and here 
is where M13 can really deliver a surprise. 

One of the characteristics of the area 
around the cluster is two relatively bright 
stars either side of M13. They are 30.3 
arcminutes apart (roughly the same size 
as the apparent diameter of the full Moon). 
Increase the exposure time to include 
the faint outliers and you'll discover 
that M13 virtually fills this space. 

However, here lies the problem, 
because an exposure which is long 
enough to reveal the fainter outer regions 
of M13 will undoubtedly overexpose the 
core. Here we need to create a high 
dynamic range image composite of the 
cluster, showing the core and outlying 
regions off as a single object. 

To do this you need to capture an 
image of the core and another that 
deliberately overexposes this region to 
record the fainter outer stars. Using a 
layer-based image editor, you can 
combine these images using a layer mask 
to create an image of M13 which shows 
the object in its full natural glory. 


KEY TECHNIQUE 


FINDING THE RIGHT BLEND 
Some deep-sky objects are brighter than 
others and to get the best photographic 
results from them, it's necessary to be able 
to identify this and adjust your techniques 
accordingly. M13 is one of the best 


globular clusters visible from the northern 
hemisphere and falls into the bright 
category. Take too long an exposure of it 
and the core will overexpose to white. 
Expose correctly for the core and you'll lose 
a lot of the outlying stars that really bring 
home just how huge this object is. A high 
dynamic range technique allows you to 
deal with this and see both. 
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STEP 1 

We'd recommend trying to achieve an image size of at least 45-60 
arcminutes across for the long dimension of the image frame. This will 
give M13 a good scale on frame and at the lowest scale include the two 
7th-magnitude stars that appear either side of the cluster, so providing a 
sense of scale. Line up on the cluster and focus as accurately as possible. 


STEP 2 

The core exposure can be kept relatively short. You're looking to include 
the core out to a feature known as the ‘propeller’, a trio of slightly 
darker lanes that together look like the propeller’s blades. Multiple shots 
calibrated and averaged will give the smoothest result. Once collected, 
process your results and put to one side ready for final assembly. 


STEP 3 


Increase the exposure length to record more detail; try to double 
M13‘s size. Keep stars sharp up to the limit of what your mount allows. 
Take multiple images and process into a final result. Expect the core to 
overexpose. It’s worth grabbing more sub-frames for the longer 
exposures as this will help reduce noise in the final stacking process. 


STEP 4 

Load your processed results in order of exposure length as separate 
layers in a layer-based editor, shortest exposure at the bottom. Tweak 
the Levels and Curves for each layer, bringing out detail without adding 
excessive noise. Try to keep the results as natural looking as possible. 
We'll refer to the shortest exposure layer as A, next longest as B, etc. 


STEP 5 


Hide all layers except A and B. On B, draw a selection to contain 

the area of overexposure. Copy the selection and paste it as a 

new layer mask. Select the layer mask. Apply a fairly aggressive 
Gaussian blur so the sharp mask edge disappears. Avoid introducing 
a dark ‘moat’ ring around the core. 


STEP 6 


Once you’re happy with how A and B are working together, duplicate 
them and merge. If you have other exposures, make the first one (C) 
visible above the AB-merged result and repeat the process in Step 5. It’s 
easier to practice getting just two layers right before moving on to a 
third. At the end you should have a large and extensive image of M13. 


skyatnightmagazine.com 2017 


“IF YOU ARE INTERESTED 
NOME STORY OF HORAN SUL 
SPACE FLIGHT EROV ———— 
GAGARINONWARDS.THIS ——<imemeiems 
ISTHE BOOK FOR You = 


AMAZON.CO.UK REVIEW 


MERCURY Gog I cassini-Huycens (23 


ORM WWW.HAYNES.COM~ AVAILABLE FROM ALL GOOD BOOK SHOPS 


tanking ifiggie _ = 


info@iankingimaging.com 


The-return of a classic mount! 
The Losmandy G11 has provided — 
*astrophotographers with a stable, 
_ accurate and well engineered platform ~*) ~~ 
for several decades. 3 


* It is now even better with the — 


_ introduction of the fantastic new 7% 
Gemini 2 controller that offers ae 
incredible functionality and accuracy ~~ 
as well as the capacity to operate the 
mount remotely. - 


The. Losmandy G11 and Gemini 2 
combination offers a high quaity.and 
_ Superbly engineered mount for modern. - 
day astronomy and astroimaging. 


hite light observing 

enables us to safely 

observe the Sun using 

various optical aids, some 
of which you can make at home. These 


techniques and devices significantly 
reduce the intensity of the Sun’s rays, 
which would otherwise cause significant 
damage to your eyes. With our guide 

to white light solar observing, you can 
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Find detailed guides 
and templates to 
help you make the 
DIY white light kit 
featured here 


explore the photosphere of the Sun and 
see sunspots, faculae (bright patches 
on the surface), limb darkening and, at 
high magnification, even the fine scale 
granulation of the Sun’s visible surface. > 


Nicholas Joannou 

Nicholas is an 
experienced 
astronomer and 
astrophotographer. 
= \ He reviews Bresser's 
Solarix 76/350 telescope and 
reveals how it is suited to 
newcomers to solar observing. 


ABOUT THE WRITERS 


Mark Parrish 
i = Projecting an 
: one of the safest 
ways of observing 
expert Mark reveals how to 
make devices at home that 


image of the Sun is 
\ 4 its features. DIY 
enable you to do just that. 


Paul Money 
Paul is BBC Sky at 
Night Magazine's 
reviews editor. He 
highlights the 

: readily available 
pieces of equipment opening up 
the world of white light observing 
to amateur astronomers. 


Pete Lawrence 

White light filters 
are one of the 
easiest and 
cheapest ways of 
adapting your 
telescope to safely observe the 
Sun. The Sky at Night presenter 
Pete shows you how. 
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DO I} YOURSELF 


Try these projects to adapt your scope for solar observing 


Build a solar funnel 


4 The funnel slots into an eyepiece holder, 
so it’s easy to revert to night-time viewing 


Our solar funnel is a hollow cone with 

an eyepiece fitted in the narrow end and 

a translucent screen at the other. It uses 

a projection technique to disperse sunlight 
over a wide area and onto the screen. 
Because the eyepiece is internal, there is 


no way for you to accidentally look into 
the light path. 

The length of the cone is calculated 
to suit small refracting telescopes with a 
focal length between 300mm and 
1,000mm. Because the aperture of such 
telescopes will be relatively small and they 
lack internal structures, heat build-up is 
not a problem. If your scope’s main lens is 
larger than 3 inches we recommend 
reducing the effective aperture by using 
a cardboard mask with a smaller hole 
(2 inches) cut in the centre and taped over 
the dew shield. Solar funnels are less suitable 
for use with Newtonian reflectors as these 
telescopes have large apertures and the 
secondary mirror can be damaged by heat. 

Any eyepiece with a focal length between 
12mm and 25mm produces acceptable 
results. After capping your main lens and 
any accessories like finderscopes, and with 
your eyepiece in the narrow end of the 
funnel, position it in the focuser. Align the 


telescope with the Sun: the easiest way is to 
line up your scope so its shadow becomes 
small and round. Remove the lens cap 
(or uncover the opening of your aperture 
reducer) and you should see a bright image 
of our star somewhere on your screen. 
Make adjustments to the mount and 
focuser to centralise the image and bring 
out any fine details on the Sun’s surface. 
You should be treated to a display of 
sunspots, which will appear dark against 
the bright surface. 


A solar funnel 
can reveal 
sunspot 
groups — one 
is visible at 


the top right 
of the solar 
disc here 


Make a solar projection screen 


This technique, which can be traced back 
to Galileo, is a safe and effective way to 
enjoy the Sun’s varied features. The solar 
projection screen is a flat panel supported 
by two thin rods about 500mm beyond the 
eyepiece of a refractor. Light from the Sun 
is focused by the telescope and eyepiece 
onto the screen, forming an image about 
150mm across. 

To keep the telescope’s temperature 
down you need to make an aperture 
reducer. You can make one from 
cardboard with a hole of about 45mm 
in diameter cut from the centre and 
taped to the dew shield. 

The projection screen has two tubes or 
‘sliders’ glued into it, allowing it to slide 
along the rods and ‘zoom’ in and out to 
create the required size of image that you 
see on the recording sheet. The entire unit 


is joined to the telescope with a jubilee clip. 


Choose one that will expand to fit around 
your telescope’s drawtube. This is the part 
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that holds the eyepiece and 
moves in and out when you 
adjust your focuser. 

Once fitted, look for a 
location with a good view 
of the southern sky, but 
sheltered from the wind 
because the screen acts a 
bit like a sail and can cause 


sThe solar projector is easy 

.to make and enables you 
to record solar features 
witha pencil 


unwelcome vibrations. Mount 
_ the scope on a normal mount 
—~ or photographic tripod — 

» you'll need to extend the legs 
fully to accommodate the 
projection screen. 

Fit your aperture reducer 
to the front lens of your scope 
and cover the opening while 

you aim the telescope towards the 
Sun. Line the scope up with the Sun as 
accurately as you can by making the 
shadow cast by the telescope onto the Sun 
shade as small as possible. Switch on the 
motor drive if you have one and remove 
the lens cover. Make fine adjustments so 
that the Sun’s image falls centrally on the 
recording sheet. 

You can download and print off the 
recording sheet from this month’s Bonus 
Content and clip it to the projection 
screen so you can trace any interesting 
features with a pencil. 
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Make a white light filter 


ae. 


4 It’s imperative that you take care when sealing 
the filter in place so no light can get in 


4 Is your aperture too big for solar film? Cover 
it in card with a smaller, film-masked hole instead 


One of the safest ways to view the Sun is 
to fit a white light filter over the front of 
your telescope. The resulting view has 

good contrast and neutral colour. These 


filters are relatively simple to make using 
sheets of solar film cut to size. Baader’s 
AstroSolar Safety Film is available in two 
grades: OD 3.8 is for imaging only, while 
OD 5.0 is suitable for visual observing 
and imaging. OD stands for ‘optical 
density’, with higher numbers giving you 
dimmer images. Check your filter for 
holes and tears each time you're about to 
fit it. If you find any, discard the filter and 
make a new one. 

It’s important to also remove or cap your 
telescope’s finder. This prevents it from being 
damaged by the Sun’s intense rays and 
removes the urge to look through it to line 
up the main instrument. Always make sure 
the telescope is pointing away from the Sun 
before fitting the filter. When you’re done 
observing, do the same — aim the telescope 
away from the Sun before removing it. 


White light filters let 
you gaze upon the Sun’s 
photosphere directly 


If your telescope aperture is too big 
to entirely cover with solar film, you 
can use a mask made from stiff card to 
cover over it; then cut a smaller hole in 
this mask and cover that with solar film. 
Make sure that the mask fits over the 
entire aperture and that no light can leak 
around its edges. For telescopes with a 
central obstruction, such as reflectors or 
Schmidt-Cassegrains, cut the aperture 
hole off-centre so the secondary mirror 
doesn’t block it. 


ESSEN TAL EQUIPMEN | 


Try these ready-made devices for instant solar success 


Glass white light filter 


Unlike the white light filters mentioned above, 
these are commercially made glass filters in a 
cell, which are sturdier and less prone to damage. 
They reduce the intensity of the light in the 
same way and fit over the front of a telescope. 
Some use the same principle as the solar screen 
sheets and look silver to the eye, giving a blue 
tinge to the view. Another variant is the silver- 
black polymer filter, which gives a yellow-orange 
tint to the solar disc but still reduces the 
intensity of the light to a fraction of a per cent. 


‘ 


Sunoculars 


A recent introduction, the Lunt 8x32 White- 
Light Sunoculars are binoculars specifically 
adapted for safe solar observation. They 
come with a highly polished integrated solar 
filter that cannot be removed, so can only be 
used for solar viewing. They offer low (8x) 
magnification views of sunspots and limb 
darkening, and are ideal for a ‘grab and go’ 
look at the solar disc to check whether it’s 
worth getting your solar telescope out. Don’t 
expect high-resolution views. 


~ 


Herschel wedge 


The Herschel Wedge is an optical prism that used 
in place of a star diagonal. It can only be used 
on refractors up to around 6 inches in aperture, 
and gives better contrast and detail compared 
to solar screen filters. The prism is designed to 
reflect 4.5-5 per cent of incoming light while 
refracting the rest, including ultraviolet and 
infrared, through the prism and out the back 
of the housing. A neutral density filter should 
be used in conjunction to further dim the 
remaining light before it enters the eyepiece. 
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FQUIPMENT REVIEW 


Bresser Solarix 


76/350 telescope 


with solar filter 


This ‘all in one’ Newtonian 
is a beginners’ scope that 
enables you to safely 
observe the Sun 


The Bresser Solarix 76/350 is aimed at 
beginners who want to try some of the 
different aspects of astronomy with 
one piece of equipment that doesn’t 
break the bank. 

It’s comprised of a 3-inch (76mm) 
Newtonian reflector on top of an 
aluminium tripod with a manual push- 
to mount. Accessories include 20mm 
and 4mm eyepieces, a 2x Barlow lens, 

a smartphone adaptor and a certified 
solar filter. The only omissions are a 
finderscope, or a finder bracket on the 
telescope that would allow you to install 
your own. But, due to the Solarix having 
a large field of view, it’s possible (even 
without a finder) to aim it by using the 
20mm eyepiece and sighting along the 
length of the telescope tube. 

Instructions come in two booklets: 
one is a generic telescope set up manual, 
the other explains solar use and safety. 
Converting the Solarix to solar use is 
achieved by attaching the front-mounted 
solar filter. As with all solar observing, 
equipment (in particular the solar filter) 
should always be carefully inspected 
before use. Together, the solar-use 
instruction manual and the many safety 
stickers on the Solarix do a good job of 
informing you how to go 
about safely observing 
the Sun. A welcome 
addition would have 
been a protective cover 
for the solar filter, though. 

Simple astrophotography is 
possible with the Solarix using 
the adaptor, which amounts 
to a sucker pad that holds 
your smartphone and 
attaches to the focuser. 

This isn’t 100 per cent = 
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The Solarix is a 3-inch Newtonian reflector with a short 
focal length of 350mm, giving a focal ratio of f/4.6. 
It uses a single-arm strut to hold the secondary mirror. 
When collimated, the Solarix gives good views at low 
magnifications, with only a small amount of the coma 
usually associated with Newtonian telescopes. 


Focuser 


The Solarix is fitted with a single-speed rack and pinion 
focuser that has adequate strength to hold all the 
equipment in place. Even with the addition of the photo 
mount and a large smartphone, the focuser was solid 
enough to take steady pictures of the Moon without 
the focus shifting at any time. 


guaranteed to retain your phone, so it’s 
a good idea to also use a lanyard to tie 
your smartphone down with. 

Using the 20mm eyepiece provided a 
rich view of the full lunar disc, showing 
good detail in the craters and along 
the terminator. Using a higher power 
eyepiece, however, brought the Solarix’s 
weakness to light: collimation. Since only 
the secondary mirror is provided with 
collimation screws, it’s difficult to get the 
optics fully lined up. Flaring of the objects 
in the eyepiece was common, as was an 
inability to find sharp focus at higher 


y 


magnifications. 

Solar observations provided decent Push-to fork mount 
views of the Sun’s disc at lower powers, With a similar action to that of a Dobsonian 
but distorted views, once again, when mount, the push-to altaz fork mount is easy 
higher magnifications were used. to use. Large knobs on the sides of the fork 


Switching to deep space, nice and at the base of the mount are used for 
adjusting the mount head and telescope. 


views of the Orion Nebula 
(M42), the Pleiades (M45), 
the Andromeda Galaxy 
(M31) and the Double 
Cluster (NGC 869 and 884) e Price £75 
were all possible. The * Optics 75mm (3 inches) 
Ente epee meee eae e Focal Length 350mm (f/4.6) 
igeninedianaeas iat aane e Extras 4mm and 20mm eyepieces, 


: 2x Barlow lens, solar filter, smartphone 
to frame the deep-sky objects h 
photo adaptor, accessory tray 


in their entirety. 8 ° Weight 2.5kg 
e Supplier Telescope House 
See an interactive 360° e www.telescopehouse.com 
_ model of this scope at e Tel 01342 837098 
2 www.skyatnightmagazine. VERDICT 
com/solarix 
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MAN IN SPACE 


On 12 April 1961, Yuri Gagarin became the first man in history to reach 
space. A huge coup for the Soviet Union, it was the spark that ignited a The future 

= 4 H fF Jane 
new Space Race — one that would ultimately lead to the Moon. Discover Spaceflight 


the fascinating story of over 50 years of manned space exploration in 
this lavish, 116-page special issue. Featuring articles by leading 
spaceflight writers and packed with rarely-seen photos of astronauts and 
their spacecraft, Man In Space takes you from the early Vostok, Mercury 
and Gemini missions to the International Space Station and beyond. 
PLUS subscribers to BBC Sky at Night Magazine receive FREE UK postage 
on this special edition! 


ORDER YOUR COPY TODAY 


www.buysubscriptions.com/maninspace 


Alternatively call 0844 844 0254' and quote 'MISHAT7' 


tCalls will cost 7p per minute plus your telephone company’s access charge. Lines are open 8am-8pm weekdays and Yam-Ipm Saturday. 
*Subscribers to BBC Sky at Night Magazine receive FREE UK POSTAGE on this special edition. Prices including postage are: £11.49 for all other UK residents, 
£12.99 for Europe and £13.49 for Rest of World. Please allow up to 28 days for delivery. 


b f Speak French, Spanish or Italian 
as they are really spoken aa 


Now you can improve or maintain your French, 
Spanish or Italian with the bi-monthly audio magazines, 
Bien-dire, Punto y Coma and Tutto Italiano. 


Bien-dire, Punto y Coma and Tutto italiano are all published six 
times a year from France, Spain and Italy and include a glossy 
magazine packed full of lively, topical and original articles and 
in-depth interviews in French, Spanish or Italian to give you the 
inside track on French, Hispanic or Italian culture. Key words and 
phrases are glossed into English on the facing page. The articles, 
in turn, are narrated on the accompanying 60-minute audio CD 
to enable you to improve your listening comprehension and 
understand French, Spanish or Italian as it’s really spoken. 
In addition, every feature is graded for difficulty so that 

you can assess your progress with each issue. 


If you now want to be able to speak like a native, a subscription 
to Bien-dire, Punto y Coma or Tutto italiano will inspire, 
motivate and help you to achieve fluency. 


Subscribe Today! 


Please send me a year's subscription (6 bi-monthly magazines and 6 accompanying 
audio CDs for £89) to Bien-dire French Audio Magazine + 1 Extra FREE Issue and a FREE 
French-English electronic dictionary! 
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Cheque: Cheque enclosed for £89 (payable to Languages Direct Ltd) ( 


Please send me a year's subscription (6 bi-monthly magazines and 6 accompanying 
audio CDs for £89) to Punto y Coma Spanish Audio Magazine + 1 Extra FREE issue and a FREE 
Spanish-English electronic dictionary! 


Please send me a year's subscription (6 bi-monthly magazines and 6 accompanying 
audio CDs for £89) to Tutto italiano Italian Audio Magazine + 1 Extra FREE issue and a FREE 
Italian-English electronic dictionary! 


O 


or Card: Please charge my credit card for the sum of £89 only Mastercard (1 Vise O Amex O 
Card number 
Expiry date Card CV Code: 
First name Last name: 
Address 
Postcode Country 


Telephone Email 


Key Benefits 


¢ Speak French, Spanish or Italian with 
confidence by learning the language as 
it’s really spoken 

¢ Improve your vocabulary and listening 
comprehension 

¢ Improve your knowledge of French, 
Hispanic or Italian culture 

* Lively, relevant and up-to-date, authentic 
content 

¢ Take advantage of on-going, portable 
and flexible learning 


Subscribe Today to either 
Bien-dire, Punto y Coma or 
Tutto italiano for a year for 
just £89 (normal price £99) 
and you will receive an 
extra issue, worth over £16 
for FREE, and a FREE 
electronic dictionary 
bookmark worth £24.99-a 
combined saving of £51! 


Order TODAY By calling 
0800 141 2210 


Outside the UK call 
+44 117 927 2236 
www.languages-direct.com/SAN217 


Please send your completed order form together with payment to: 
Languages Direct Ltd 
FREEPOST RSKB-KSKR-LYLU, Bristol BS1 6UX 


Delivery: Your first issue should be with you within 10 days of receiving your order. 


Outside the UK send to: 
Languages Direct, Spike Island, 123 Cumberland Road, 
Bristol, BS1 6UX, United Kingdom 


60 day money-back guarantee 


If for any reason Bien-dire, Punto y Coma or Tutto italiano is not 
for you, just let us know within 60 days, and we'll refund your 
subscription in FULL, and you can keep your first issue. If at any 
time later you decide to cancel, we'll refund you the cost of any 
unmailed issues. 


To see our full range of excellent language learning materials 
visit www. irect.com 
Media Ref: SAN217 
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Fast radio bursts have been a 
something of an enigma, 
lasting only for a few i 
milliseconds and seemingly 
occurring at random 


¢ > 
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a 


The source of mysterious bursts of radio waves‘has 
been confounding scientists foradecade-Now we're 
finally making some progress, writes Govert Schilling 


uncan Lorimer, a radio astronomer at 
West Virginia University in the US, 
had no idea what to expect when his 
student David Narkevic re-analysed 
observations from July 2001, carried out with the 
64m Parkes radio telescope in Australia. Lorimer 
certainly couldn’t imagine that Narkevic’s 2007 
analysis would open up a new field in astrophysics 
that is still mystifying scientists after 10 years. 
The upshot: thousands of times each day, 
an ultra-brief, intense burst of radio waves 
is generated somewhere in the Universe, and 
astronomers have frustratingly few clues as to 


ABOUT THE WRITER 
Govert Schilling’s 
new book on 
gravitational waves 
will be published 

in July this year 

by Harvard 
University Press. 


their origin. “There’s still an awful lot of work 
ahead of us,” observes Lorimer. 4 

The ‘Lorimer burst’ of 24 July 2001 was no freak 
event. Occasionally, other Parkes observations 
also caught similar fast radio bursts (FRBs), 
lasting a few milliseconds at most and occurring 
randomly in the sky. Taking the extremely narrow 
field of view of the radio telescope into account, 
it was easy to calculate that these mysterious 
explosions must in fact be very frequent. But what 
are they, and where do they come from? 

If you don’t know the location of an FRB (either 
within our own Milky Way or far beyond), you > 
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can't deduce the energies of the outburst. It could 
be a relatively minor explosion on the surface of a 
nearby dwarf star, or a titanic event at the edge of 
the observable Universe. 

Astronomers had only one clue: all FRBs display 
a relatively strong ‘dispersion’, which means that 
lower-frequency waves lag behind higher-frequency 
ones. This effect is caused by the waves passing 
through a tenuous gas of charged particles. High 
dispersion means lots of intervening particles, 
corresponding to large distances. But no one 
could be completely sure. 


Closing in on the signal 

To complicate matters, a single-dish radio telescope 

like Parkes has a relatively low spatial resolution on 

the sky, so the locations of the bursts weren’t very 

precisely known. That made it impossible to carry 

out follow-up observations with larger telescopes. 
This only changed in April 2015 when a team 

led by Evan Keane of the Square Kilometre Array 

Organisation pointed the Australia Telescope 

Compact Array (ATCA) at a region of sky in the 

constellation of Canis Major, where Parkes had 

discovered a fast radio burst just a few hours earlier. 
On the basis of the Parkes detection, the sky 

position of FRB 150814 couldn't be determined 

to a precision better than some 15 arcminutes 

(half the width of the full Moon). But ATCA is an 

interferometer array with much sharper vision, 


The FRB afterglow is similar to that left 
behind by a short gamma-ray burst, 
which aré created when binary neutron 
stars collapse into one another | 
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and in the 0.25° ‘error box’ of FRB 150814, Keane 
and his colleagues found a slowly fading radio 
source, located in a galaxy at a distance of six 
billion lightyears. The afterglow of FRB 150418 
was reminiscent of the afterglow of a short 
gamma-ray burst, which are the result of 
neutron star collisions in remote galaxies. 

In late February 2016, Keane’s team wrote 
in Nature that FRBs are most likely one-off 


Around the time that fast radio bursts were 
discovered, astronomers also came across 


a very similar type of millisecond signal, 
albeit with a much different pulse profile. 
They looked very artificial — for instance, 


they were equally bright at all wavelengths 


— but their true origin remained unknown 
for a long time. Parkes radio astronomers 


called them perytons, after a mythological 


creature that is half stag, half bird. 

In 2015 the peryton puzzle was 
evenutally solved. It was found that 
perytons were generated when the door 


of the microwave oven in the astronomers’ 


kitchen was opened prematurely. No 


new cosmic riddle: just impatient scientists 


and technicians on site who believed 
that their lunch was ready! 
Unfortunately, the confusion around 
perytons did slow down the study of 
genuine fast radio bursts, says Duncan 
Lorimer, who described the first FRB 
in 2007. “It made it harder to get our 
research funded.” 


catastrophic events, even 
though they couldn't be 
100 per cent sure about 
the association between 
the FRB and the ATCA 
radio source. But just 

a week later, Nature 
published another paper 
by Canadian, American 


and Dutch radio astronomers that came to 


avery different conclusion. 


Using the 305m radio telescope at Arecibo 
Observatory in Puerto Rico, Paul Scholz of McGill 
University in Montreal and his colleagues had 


discovered a repeating 
fast radio burst: FRB 
121102 in Auriga also 
displayed outbursts in 
May and June 2015. So 
whatever was causing 
these bursts didn’t 
destroy its source. 
As Lorimer says: “It’s 
basically impossible 
for a cataclysmic 
event to produce 
repeating bursts.” 
Now, the hunt 
was really on. If FRB 
121102 is repeating 
every now and then, 


Y The colossal Arecibo 
radio telescope determined 
that FRBs can repeat 
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Vole PeRY TON PROBLEM 


How an unidentified signal that defied explanation made 
it harder for the team to secure funding for FRB research 


] 


A The source of the problem: who knew that being keen for lunch could lead to so much trouble? 


you can just keep an 
eye on the suspect part 
of the sky with a large 
interferometer to localise 
a new outburst in real 
time. Patience paid off, 
eventually. In September 
last year, both the Very 
Large Array in New 
Mexico and the European VLBI Network succeeded 
in tracing down the source of the bursts to a small, 
inconspicuous dwarf galaxy at a distance of some 
2.5 billion lightyears. 
“It’s an observational breakthrough,” said 
NASA astrophysicist 
and gamma-ray burst 
expert Neil Gehrels 
when he learned about 
the results, just before 
his untimely death in 
February 2017. From 
the known distance, 
astronomers could now 
calculate the burst’s 
energy — about as much 
in one millisecond 
as the Sun pours out 
in 24 hours. 
Canadian-Dutch radio 
astronomer Jason Hessels 
now believes FRBs are» 
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ISTOCK, UNIVERSITY OF BRITISH COLUMBIA 


> occasional explosions 
from extremely rapidly 
spinning, highly 
magnetised neutron 
stars. Others think that 
the repeating bursts may 
occur in the accretion 
disc surrounding 

the black hole that 
probably lurks in the 
dwarf galaxy’s core. 
Meanwhile, Lorimer is 
not so sure that there’s 
just one type of fast 
radio burst — after all, 
FRB 121102 is the only 
one known to repeat 

so far. “My guess is 
that there are multiple 
classes,” he says. 

So yes, there’s still a lot of work to do. 
Astrophysicists look forward to the inauguration 
this year of the CHIME radio telescope in 
Canada, which may detect a few dozen FRBs 
per day. Meanwhile, Dutch and South African 
astronomers are about to deploy the 65cm 


4 Some believe that 

FRBs may be caused by 
intermittent explosions on 
rapidly spinning neutron 
stars, but there is no 
consensus so far 


optical MeerLICHT 
telescope at the 
South African 
Astronomical 
Observatory in 
Sutherland, a very 
promising instrument 
in the search for the 
true nature of FRBs. 
MeerLICHT will 
automatically and 
continuously scan the 
same region of sky 
as the South African 
radio interferometer 
MeerKAT, some 
250km to the north. 
As soon as MeerKAT 
happens to catch a fast 
radio burst, a possible 
optical afterglow will be captured by MeerLICHT, 
enabling detailed follow-up observations. “No 
one has ever tried this approach before,” says 
project manager Steven Bloemen of Radboud 
University in Nijmegen in the Netherlands. “It 
may revolutionise the field.” iS] 


CHIMING IN ON FRBS 


Why a digital telescope with no moving parts might be the instrument that 
detects the most FRBs — even though that's not what it’s designed to do 


The upcoming Canadian Hydrogen Intensity 
Mapping Experiment (CHIME) in Penticton, 
British Columbia, will be a discovery machine 
for fast radio bursts. CHIME, run by four 
Canadian institutes, is an all-sky observatory, 
designed to map the distribution of neutral 
hydrogen in the early Universe, so its 

main goal is cosmology. But given its 


CHIME consists of four massive 
metal halfpipes — each is 20m 
wide and 100m long 
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extremely large field of view, it is expected 
to detect dozens of relatively bright fast 
radio bursts per day. 
The ‘digital telescope’ has no moving 
parts at all. It consists of four cylindrical 
‘half-pipes’, oriented north to south, and 
measuring 20x100m. The telescope’s 
orientation with respect to the sky changes 


as a result of Earth’s rotation, which makes 
it possible to use interferometry to create 
detailed hydrogen maps. According to 
radio astronomer Vicky Kaspi of McGill 
University in Montreal, CHIME could be 

an excellent FRB detector, despite observing 
at lower frequencies than Parkes, Arecibo 
or the Very Large Array. 
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he language in which we talk 
about telescopes can be confusing 
at the best of times. Consider the 
number of ways we can describe 
a telescope’s design — refractor, reflector, 
compound, catadioptric, Cassegrain, 
Dobsonian and astrograph, to name a few. 
Some telescopes can be considered to be 
more than one of them. Two of those 
terms even mean the same thing. 

What they all share, however, is a handful 
of core statistics: four measurements that 
will give you an idea of how any telescope 


With 
Kev Lochun 


will perform, regardless of its inner optical 
arrangement, all other things being equal. 
These are aperture size, focal length, focal 
ratio and useful magnification. 

Knowing what these numbers mean isn’t 
vital to using a telescope, any more than 
understanding how your brain and eyes 
work together is a prerequisite to being 
able to enjoy the gift of sight, but in this 
case it’s worth the effort. Once you know 
what these figures mean, you'll be in a good 
position to work out what you can and can’t 
do with your scope, and what budget you might 
need to realise your longer-term goals. 


1. Aperture 

This figure is the most straightforward — the 
aperture is the diameter of a telescope’s 
main lens or mirror, measured in millimetres 


EN|SKILLS 


and commonly converted into inches. This 
number describes how much ‘light grasp’ a 
telescope has, by which we mean how many 
photons it can collect. A bigger aperture 
delivers brighter views, which leads to 
better contrast and more detail. This is 
why aperture is often described as being 
the most important feature of a telescope; 
the more light you can gather, the fainter 
the celestial bodies you'll be able to see. 

The amount of light a telescope can 
gather is directly proportional to the area 
of its aperture. The gains are rapid: based 
on area, a 6-inch aperture instrument will 
gather four times as much light as a 3-inch 
one, for instance. 


2. Focal length 


Before you can see your chosen target, the 
rays of light passing through the aperture 
have to be focused together, and the point 
where they converge is known as the focal 
point. The distance that the light has to 
travel between the aperture and the focal 
point forms our second core measurement, 
the focal length. This is recorded in 
millimetres. There is no fixed relationship 
between an instrument’s aperture and its 
focal length; it all depends how the lenses 
and mirrors within the tube are arranged. 
Focal length is useful for two reasons: 
it’s the major determinant of useful 
magnification (which we’ll get onto ina 
moment) and it gives you a rough idea of 


Focal length 


what sort of field of view you can expect. 
Smaller focal lengths deliver wider fields, so 
lean towards being better suited to observing 
larger swathes of the night sky and for star 
hopping, while longer focal lengths offer 
narrower fields — perfect for planetary disc 
close-ups — and tend to allow you to use 
eyepieces with longer eye relief; that’s the 
ideal distance your eye should be from the 
lens of an eyepiece, and it’s a particularly 
important consideration if you wear glasses. 


3. Focal ratio 
Our third core number is the focal 
ratio, also known as the f/number, 
which describes the relationship between 
the focal length and the aperture. You 
can work it out by dividing the focal length 
by the aperture; both of these figures 
should be in millimetres. Let’s say you 
have a 130mm aperture instrument with 
a focal length of 900mm - its focal ratio 
will be “f/6.92’. 
Like focal length, focal ratio can tell you 
a lot about a telescope: larger f/numbers 
imply higher magnification with a given 
eyepiece and a narrower field of view, smaller 
f/numbers the opposite. Additionally, an 
f/number can be described as ‘fast’ or ‘slow’, 
and this reveals how a telescope will 
perform when used for astrophotography. 
The terms fast and slow are a throwback 
to the days of chemical camera film 
processing. Scopes with fast ratios 


Light path 
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(typically f/5 or below) can capture 
images more quickly than their slow 
ratio (encompassing f/9 and above) 
counterparts, but the trade-off comes in 
terms of depth of focus; slow scopes are 
much more forgiving in this regard. 


A. Useful magnification 
Like the telescope itself, every eyepiece has 
a focal length, and it’s the relationship 
between these two focal lengths that gives 
you the magnification (or “‘power’) of your 
setup. The calculation is simple: divide the 
focal length of the scope by that of the 
eyepiece. So, if you have a scope with a 
1,200mm focal length and a 20mm 
eyepiece, your magnification would be 
60x. The smaller the focal length of the 
eyepiece, the greater the resulting 
magnification on any given telescope. 
Aperture is entirely irrelevant in this case. 

It’s worth being able to work out how 
much magnification you're using because, 
unlike aperture, more isn’t necessarily 
better. The theoretical useful limit is two 
times the aperture in millimetres; so for a 
150mm aperture, that’s 300x magnification. 
Push it beyond the useful magnification 
and you'll get a closer view of your chosen 
target, but that view will be a fuzzy one, 
not to mention dimmer. @ 


Kev Lochun is BBC Sky at Night 
Magazine's production editor 
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Modify a run-off shed for your scope pillar 
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Protect your pillar from rain and wind with this lo-tech shed mod 


4 When you want fo use your scope, simply open the shed doors and wheel it out of the way 


aving a run-off shed enclosing 
your back garden telescope 
pillar is probably the next best 
thing to building a dome 
observatory, though it is very much 
cheaper. This entire design should cost you 
around £300. It is also quick to set up, as 
rapid as opening and positioning the 
shutter of a dome. The shed is entirely 
weather proof and offers some degree of 
security for your kit, so you can leave your 
scope permanently attached to the pillar. 
You don’t have to build the shed from 
scratch: this project is to modify a 
commercially bought plastic one. The 
shed used here is 1.98m high, has a width 
of 1.51m and is 0.83m deep, though it 
could also have been made deeper by 
adding an optional middle segment. The 
modification is straightforward — simply 
cut out a section of the shed floor so that 
it can enclose the pillar when the doors are 


shut. We’re going to mount the shed on a 
sack barrow, bolted to the structure’s rear. 
This allows you to lift the shed and wheel 
it away from the pillar when you want to 
use your telescope. 


Take account of your kit 
We’ve used a shed of this size to house a 
300cm Schmidt-Cassegrain on a custom 
equatorial mount. If your scope is larger, 
you probably should consider a deeper 
shed, or one that can be extended by 
adding optional middle panels. If you have 
yet to install a pillar in your garden, you 
should think carefully about what height 
this is going to be. You need to take into 
account that there will be a pillar, an 
adjustable mounting plate, a mount that is 
almost certainly going to be equatorial, 
then the telescope and possibly a dew shield. 
The last of these can usually be taken off, 
of course, if space becomes an issue. 


TOOLS AND 


ATERIALS 
~ anae 


a 


MATERIALS 

Plastic shed kit, sack barrow, two 
80x40cm or larger pieces of 0.25- 
inch plywood, electric fan (optional) 
and solar power cell panel (optional) 


TOOLS 

An electric or manual fretsaw, 
geometry compass, yellow or 

white pencil, ruler, 40-grit sandpaper, 
paint brush 


SUNDRIES 

Four U-bolts to fit the sack barrow with 
washers and nuts, varnish or external 

wood treatment, yellow or white paint 


4 With the doors closed the shed keeps your 
gear secure and protects it from the elements 


You may wonder why the shed is mounted 
on a sack barrow rather than wheels. It’s 
true that wheels work perfectly well, but 
the gap at the bottom that is necessary to» 


skyatnightmagazine.com 2017 


ALL PICTURES: ROBERT LUCAS 


82 HOW TO JUNE 


a 3 { 


4 Installing a solar-powered fan will help 
to regulate the temperature in your shed 


> accommodate them could let moisture 
in. Using a sack barrow means that the 
floor of the shed sits directly on the 
concrete apron supporting your pillar, 
forming a reasonable seal that prevents 
any water ingress. This also makes the 
shed less likely to be blown about and 
damaged, as wind cannot get underneath 
it. Cutting out a slot from the floor to fit 
round the pillar does weaken the floor’s 
structural integrity, but not having to 
attach wheels also means that there is 
no need to take steps to strengthen it. 


Practical considerations 
When closed, the inside of the shed 

can become rather hot at the height of 
summer — at least that is the case with 
our shed in southern France. Depending 
on your local conditions, you may want 
to fit a solar-powered fan to stop the 
build-up of hot air. This is extremely 
effective, as the hotter the weather the 
faster the fan rotates. This is left as an 
optional add-on. 

The shed can be used to house other 
essential accessories and even a small 
table or shelf for a laptop. We have 
hooked ours up to a mains supply, which 
is fed in through a small hole in the shed 
and is then connected to the mount’s 
power supply. As the shed needs to 
move to reveal the telescope, it may be 
necessary to introduce some slack in the 
cable. The right amount can be found 
and then the cable knotted on the 
part inside the shed so that it can be 
repeatedly run out to the length required. 

One safety note: when you come to move 
the shed using the sack barrow, you need 
to place one hand on the top of the shed, 
one on the barrow handle and a foot on 
the axle to maintain proper balance. @ 


Robert Lucas is director of Virtual Science 


Ltd, where he designs virtual experiments 
for educational purposes 
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STEP BY STEP 


Measure the diameter of your pillar and 
add Icm. Using a ruler and compass mark 
the area to cut out on the base of the shed. 
This area should extend to a radius past the 
middle of the shed, so that the pillar is 
central to the shed. 


Assemble the rest of the shed according to 
the manufacturer's instructions. Assemble 
the sack barrow if necessary. Place the sack 
barrow at the rear of the shed with its bottom 
plate under the floor of the shed and align 
it accurately with the centre of the shed. 


STEP 5 

Thread the U bolts through the drilled holes 
from the outside. Put washers and nuts onto 
the threaded parts of the bolts and tighten 
each a little at a time. It’s important to get 
the amount of tightening correct as over 
tightening will damage the plastic. 


STEP 2 


Use an electric or hand fretsaw to cut out 
the part that goes around the pillar. Be 
careful of the reinforcing plastic cross 
pieces on the bottom side. You may need to 
go out slightly wider to avoid these. Smooth 
any rough edges with the sandpaper. 


STEP 4 


Place the plywood on the inside and outside 
of the shed and drill eight holes for the 

U bolts, deep enough that they go around 
the tubing, through the exterior ply, the 
plastic and then the internal ply. The wood 
spreads the load to protect the plastic. 


With the shed perfectly placed over the 
mount, mark the rear corners and a straight 
line with bright paint showing the way back 
to the ‘home’ position. This is important as 
you will be driving blind from the rear of 
the shed when moving it. 
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PROCESSING 


Stacking comets with DeepSkyStacker 


How to blend sub-exposures to showcase an icy visitor to our Solar System 


Comet-C/2014 Q2 Lovejoy in 

January 2015, stacked on the 
stars --resulting'in a trailed 
and blurred comet 


eepSkyStacker is a fabulous 
piece of software for stacking 
images together. It works very 
well for static deep-sky targets, 
but when it comes to comets, you need to 
do a bit more work. That’s because comets 
do one thing other deep-sky objects don’t: 
they appear to move against the background 
stars. Always consider that when planning 
on imaging comets. If the movement of 
the comet is greater than the resolution of 
your optical setup, then unless you are 
guiding on the comet itself you will need 
to use shorter sub-exposures to prevent 
blurring. Comet 45P/Honda-Mrkos- 
Pajdusakova, which came very close to Earth 
earlier this year, had a rapid apparent 
movement forcing many imagers to use 
sub-exposures of less than 30 seconds. 
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Subsequently, each sub-exposure showed 
the comet in a slightly different position. 
After registering your images, the stacking 
process must take the position of the comet 
into account and stack on the comet itself to 
avoid blurring details in the coma and tail. 

Another thing to note is that the details 
within a very active comet can change over 
the course of a few minutes. Try to avoid 
taking your subs over an extended period, 
as when stacked, they will once again blur 
if the comet’s features have changed during 
the period the exposures were taken. 

Once you have used DeepSkyStacker 
to register your subs (don’t forget to 
capture them in RAW in the first place), 
the stacking process outlined here needs to 
be followed so the program ‘knows’ where 
your comet lies on each exposure. 


If the comet is fairly faint you may need 
to increase the star detection threshold 
when registering to include the comet in 
the detected stars. If the comet cannot be 
detected, don’t worry, we’ll show you later 
how we can give DeepSkyStacker this 
information before stacking. 


Now find the comet again 
Once your subs are registered, click on the 
first image in the window below the preview 
panel. At the side of the image preview, 
four buttons will be visible. Click the third 
one down, a green comet shape. 

When pressed, tiny green rings will 
appear around the position of the stars the 
registering process has mapped. Hover 
your mouse over a star and you will get a 
prompt to set the comet here. In other 
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4 If the comet is too dim to identify in a given frame, you can increase 
the brightness using the slider at the top-right of the preview pane 


Stacking Parameters 


Resut Comet Light Alignment intermediate Ales Cosmetic 


Comet stacking parameters 


-) Standard Stacking 


Comet position is ignored 
The comet will be fuzzy 


6) Comet Stacking 
Comet position is used 
The comet will be sharp and the stars 
wil have trails 


~) Stars + Comet Stacking 


Comet position is used 
The comet and the stars wil be sham 
This process is twice longer 


Temporary Files Folder: C:\Users\Dave \AppData \Local\Temp\ 


[ ]Reduce worker threads priority 


Use all available processors 
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4 The Comet tab shows the three stacking options available; 
switch to the adjacent Light tab to pick the stacking mode 


words, DeepSkyStacker is asking you: 

‘Is this the comet?’ The point you can 
click will jump from star to star as you 
move your mouse across the image. Hover 
the mouse over the brightest spot within 
the comet’s coma. A ‘set comet here 
notification’ will appear. 

If the comet in your image is too faint 
to see, look just above the top-right of the 
preview image and move the middle grey 
marker closer to the black point on the 
left. This will brighten the view without 
affecting the image. Find the comet’s 
position and hover the mouse over it. 
Zoom in on the image by rolling the 
mouse scroll wheel forward. It takes a 
while to get to grips with this. Target the 
mouse pointer directly over the bright 
spot; a magnified view (top left) also helps 


with this. Hold down the shift key and 
press the left-hand mouse button. The 
position of the comet will now have 
been selected in this sub. 

It’s worth getting the position spot on 
as it improves the quality of the final 
image, resulting in straight star trails. 
Click on the next image and repeat the 
process, working your way through all 
your subs. Note that the #Stars column 
total will now have a (C) beside it, 
indicating that a comet’s position has been 
added. Before moving onto the stacking 
process, check that all your subs show this. 

Everything is now ready for stacking. 
Click Stack Checked Pictures, then 
Stacking Parameters. The Comet tab will 
now be visible. Several stacking options 
are available: Standard Stacking ignores 


4 Hover your mouse over a star and you will be able to set it as the 
comet; you'll need to do this for every frame you want to stack 


4 An alternate view of C/2014 Q2 Lovejoy in January 2015 from the 
same data; this time stacked on the comet with trailing stars 


the comet and stacks on stars, while Comet 
Stacking ignores stars and stacks on the 

comet position marked in each sub. Stars + 
Comet Stacking attempts to stack on both. 

Under the Light tab, select the best ‘stacking 
mode’ settings for your images. Simplest 
to use is the Entropy Weighted Average 
Stacking Mode, though be careful if using 
this mode with full frame RAW DSLR 
images. These frequently crash the 
software due to their sheer size. 

Once you are happy, click OK to close 
the stacking parameters window, then OK 
again. Your images will now start stacking 
on the comet’s position and automatically 
save the stacked TIFF image. @ 


Dave Eagle founded Bedford 
Astronomical Society 
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into the built-in camera on the Meade LS LightSwitch™ Linux is required. power in the field. 
telescopes. 


MEADE INSTRUMENTS) www.meade.uk.com (3G 


© 2016 Meade Instruments Corp and Opticstar Ltd. All rights reserved. Opticstar is the official importer and distributor of Meade products in the United Kingdom 
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Our equipment specialist cures your 
optical ailments and technical maladies 


It’s all too easy to accidentally touch the lens 
of an eyepiece and leave fingerprints on it 


Ny. 
Ny 


“ 


I managed to get fingerprint marks on 
my eyepiece lens. What's the best way 
to clean them off? 


CHRISTINE PUTNAM 


Eyepieces rarely require cleaning if 
they’re looked after. But accidents do 
happen and it’s easy to touch a lens 
inadvertently, leaving a fingerprint 
on the surface. Eyelashes can also 
leave greasy streaks, especially if the 
eyepiece has a short eye relief. 

Before you clean off any grease 
marks you should ensure that there 
are no particulates on the lens, as you 
don’t want to scratch its surface. The 
best way to remove any debris is with 
a blast from an air bulb blower. If 
there’s a brush attached remove it 
first, as it can retain grease and dust 
causing more problems than it solves. 


Once the dust has been removed, 
you can start on the grease using a 
generic reagent-grade isopropyl 
alcohol or specific lens-cleaning 
fluids, such as Baader Optical Wonder 
Fluid or Zeiss Lens Cleaning Fluid. 
Don’t apply the fluid directly to the 
lens; apply it to a lens cleaning tissue 
(available from good photographic 
shops) and gently wipe the tissue 
across the lens surface working 
outwards from the centre in a circular 
motion. Before the fluid dries 
completely, use a clean microfibre 
cloth to remove the remaining fluid 
and gently polish the lens surface. 
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I recently bought a Sky-Watcher Skyliner 
300P FlexTube Dobsonian. I've replaced 
the eyepieces and was wondering what 
other upgrades | could make to improve 
my observations with it? 

GRIFFIN FLAHERTY 


The Sky-Watcher Skyliner 300P FlexTube 
Dobsonian has a focal length of 1,500mm and is 
supplied with 25mm and 10mm Pléssl eyepieces. 
Although these eyepieces are of surprisingly good 
quality, you’ve made a good decision by upgrading 
them to something better to really make the most 
of this fast (f/5) instrument. 

With a truss-type telescope such as yours, a black 
tube shroud would be an excellent investment to 
help keep dew at bay and to increase contrast by 


excluding stray light. @ 


vv 


Ca 


<a, 


can make a significant difference to . 
the views that you obtain. { 


> A few simple upgrades will boost Sa 


the Skyliner 300P’s performance 


Surprisingly, the Crayford focuser, 
although smooth in operation, 
is only a single-speed 
version. You could 
consider upgrading to a 
two-speed type that will 
make it easier to find the 
critical focus point using 
these fast optics to achieve 
the best possible views. 

Finally, invest in a good Cheshire 
eyepiece to ensure that your telescope 
is always in good collimation as this 


STEVE’S TOP TIP 


Do I need anti-vibration pads 

for my tripod? 

A sturdy tripod is a prerequisite for enjoyable 

observing and especially astrophotography. 

But even the simple action of focusing can cause 
your telescope to vibrate for several seconds 

and spoil the view. 

An excellent way of improving the operation 

of just about any tripod is to rest its feet on 
anti-vibration pads as this can reduce dampening 
down time by between 50 and 70 per cent. But 
don't be tempted to buy the cheap Ves 
designed for use with washing machines and 
tumble dryers; spend the extra money ona good 
set designed specifically for astronomical use. 


Steve Richards is a keen astro imager 
and an astronomy equipment expert 


Email your queries to scopedoctor@skyatnightmagazine.com 
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THE MissiING PASSENGER 


The Missing Passenger is a new exhibition trail at the National Railway 
Museum in York by artist and director Geraldine Pilgrim. Commissioned 
as part of the museum’s new Mystery on the Rails season, The Missing 
Passenger is just one of many activities celebrating the special place 
railways have in mystery and detective fiction. 


The Missing Passenger runs from 23 March to 3 September 2017. 
Entry to the National Railway Museum and The Missing Passenger is free. 


Self-catering cottages on the West Coast of Scotland 


Heron and Otter are self catering cottages situated on the 
shores of Loch Ewe, amidst the dramatic scenery of 
Wester Ross. Although remote, they are an ideal base if you 
wish to walk, cycle, observe the wildlife or simply relax. 


National 


: = 
Railway POSTCODE 
Museum 3 


08448 153139 
nrm.org.uk/mystery 


PLANET EARTH EDUCATION 


A popular and long standing provider of astronomy distance learning 
courses. All courses enjoy an excellent reputation and a certificate is 
awarded for each completed course. Students have easily accessible, one- 
to-one contact with their tutors. Five astronomy courses available: 


- GCSE Astronomy — for a certificate 

- PEC Nature of the Planets — learning for fun about the solar system 
- PEC Nature of the Stars — learning for fun about the night sky 

- PEC Astronomy — to GCSE standard but without the exam 

- PEC Advanced Astronomy — for the more dedicated student 


Also available: The Mobile Stars Planetarium — an exciting educational 
experience for children in schools and for scouting groups. 


9092 | www.planeteartheducation.co.uk 
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Bringing you the best in equipment and accessories 
each month, as reviewed by our team of astro experts 
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EQé-R Pro 
equatorial mount 


9 William 
Optics 

GT71 apo 

refractor 


9 8c 
ASI1600 
| MC-Cool USB 3.0 


colour camera 


BOOKS 
| 102::. 


four of the latest 
astronomy titles 
GEAR 
“8 104 


Including this 
Herschel wedge 


Find out more about how we 
review equipment at 
www.skyatnightmagazine. 
com/scoring-categories 
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HOW WE RATE 


Each category is given a mark out 
of five stars according to how well 
it performs. The ratings are: 


kok **® Outstanding 
eto **& Very good 
tok kk Good 

tok ww Average 
tek Poor/Avoid 
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The belt-driven 
Sky-Watcher EQ6-R 
brings useful upgrades 
to a tested design 


A 
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Sky-Watcher EQ6-R Pro SynScan 
@ 
equatorial mount 


A worthy addition to the EQé series with welcome upgrades 
WORDS: PAUL MONEY 


VITAL STATS ky-Watcher mounts have a SKY SAYS... graduated scale for latitude on the 


See an interactive 360° model of this mount at 
www.skyatnightmagazine.com/SWEQR6 


good reputation for stability We can see the mount side has now been replaced 
«Price 21.879 and reliability, and the EQ6-R becoming with a latitude dial scale which we 
¢ Mount Equatorial long-established EQ6 series the mount of found useful on initial setting up 
Go-To is no exception. This latest variant, . for our latitude. 
e Tripod Stainless steel the EQ6-R Pro, brings further Maes SS Another nice new feature is the 
with adjustable legs refinements and a slightly greater wanting to change to the polarscope end cover 
e Fit Dual Vixen/ carrying capacity than previous upgrade from — it used to be a screw-in cap that 
Losmandy-style models, up from 18kg to 20kg. EQ3s and EQ5s could be easily cross threaded, 


dovetail saddle 

e Max payload capacity 
20kg (excludes 
counterweights} 


The EQ6-R certainly looks the 
business. In addition to the main mount head, 
the package includes a stainless steel tripod, a 


rendering it hard to remove or screw 
back on. Now the end cap slots over the polarscope 
and is held in place with a plastic screw, a simple 


* Controller SynScan pair of 5kg counterweights plus extension shaft, a but effective solution to this particular problem. 
VA hand controller SynScan V4 Go-To hand controller, a power The saddle for attaching a telescope has undergone 
e Flash upgradable Yes connector and a camera snap port cable. Note that a slight but welcome redesign that makes it feel 
e Database 42,000 you need to specify your camera model when much more solid in use compared with — say — the 
objects ordering so you get the right snap cable, and that NEQ6, and it can take both Vixen- and Losmandy- 
e Tracking speeds the carrying capacity does not include the style mounting bars. Assembly was straightforward, 


Sidereal, solar 

and lunar 
e Power DC11~16V 4A 
e Weight Mount 17.3kg; 


counterweights. For astrophotography, we’d always _all things considered. 
recommend working at half to two-thirds the 2 
official capacity to take into account the weight of Taking a tour 


tripod 7.5kg your imaging accessories, such as the camera, a After attaching a SkyMax 180 Pro Maksutov telescope 
e Extras Two 5kg guidescope and a guide camera. to the mount, we polar aligned and performed a 
counterweights, Several tweaks to the EQ6 design stood out as three-star Go-To alignment using the SynScan V4 
counterweight shaft, we set up for our first practical night sky test. First, handset, then completed a tour of some deep-sky 
power cable, camera Sky-Watcher has incorporated a very welcome objects in and near to Leo, Cancer, Hercules and 
snap port cable carry handle on the main body of the mount, Ursa Major — including M1, M42/43, the Leo 
(specify comer type which really helps if you need to keep the EQ6-R Triplet, the Eskimo Nebula, NGC 2903, M13 and 
when ordering) ee in storage when not in use. Second, the latitude M92. The mount placed all of our targets inside 
SSUpR Ir Optical nsen and azimuth adjustment bolts are nice and chunky, __ the inner 50 per cent of the view with our 26mm 
e www.opticalvision. : ‘ ; : : 
ge 0k and easy to grab hold of even with gloved hands, eyepiece, which gave a magnification of 104x.> 
e Tel 01359 244200 and they made adjustments much easier. The old 


SMOOTH BELT-DRIVEN TRACKING 


One of the key innovations of recent years is the the next. It also made for a much quieter 


introduction of belt drives, offering smoother viewing experience; some mounts can be 
operation and better results when guiding. In quite noisy when slewing from one target to 
the past this was an option for astronomers another, but that’s not the case here. 

willing to perform the upgrade themselves, but Add in the functions of the SynScan hand 
now mount manufacturers have taken this on controller and you have a mount that can give 
board — and so you'll find one in the EQ6-R. satisfaction to both visual users and imagers 


In our tests, the belt drive gave good tracking alike, especially if you perform periodic error 
and Go-To accuracy, and we experienced very correction and add in additional alignment 
little backlash when moving from one target to _ points for greater accuracy. 
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TRIPOD 


The sturdy tripod has 2-inch 
stainless steel legs with easy- 
to-lock bolts when making 
height adjustments. It is 
lightweight at just 7.5kg, yet 
provided good support for 
the mount even when fully 
loaded with equipment. It 
comes with a spreader tray 
with cut-outs for both 2-inch 
and 1.25-inch eyepieces. 


SYNSCAN V4 HAND 
CONTROLLER 


The SynScan hand controller is easy to use, with good- 
sized buttons with a gentle red illumination. It has a 
database of 42,900 objects including the Messier, 
NGC and Caldwell catalogues, the brightest stars, 
double stars and Solar System bodies. You 

can also use the handset to adjust mount functions 

and its firmware is upgradable. 
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CONNECTIONS 


The connections are easily accessible 
on the side plate of the mount. They 
include the power connector, an ST-4 
compatible guide port, hand controller 
socket, red indicator light to denote 
low battery status and a snap port that 
allows you to control a DSLR camera's 
shutter via the hand controller. 


ADJUSTMENTS 


The latitude and azimuth bolts have 
chunky knobs and a tensioned 
latitude lever on one side. A welcome 
improvement is the easy-to-view 
latitude dial, with its clear graduated 
scale. There's a bubble level on the 
mount base for easy levelling. 
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4 A cropped stack of 23 one-minute exposures of comet 41P/Tuttle- 4 The M81/M82 galaxy field, captured in 54 one-minute exposures 
Giacobini-Kresak, imaged with a DSLR and Equinox 80ED refractor using the same camera and telescope combination 


> Pointing accuracy can be refined using the 
hand controller’s sub-menu, although for visual 
observing this was not really necessary. 

For long-exposure astrophotography you can use 
the handset to perform periodic error correction 
(which can be retained for future use) along with 
additional alignments to improve both pointing 
accuracy and tracking. Our own astrophotography 
setup doesn’t require the snap port, but the option 
of having it is useful — now incorporated onto 


The EQ6-R has a solidly 
designed dual-fit saddle 
that can take either 
Vixen- or Losmandy-style 
mounting bars, and the 
locking bolts are nice and 


Sky-Watcher mounts as standard, it offers a way 
of controlling the camera via the SynScan hand 
controller if you don’t have a remote control. 


After mounting a Canon EOS 50D DSLR and chunky with good grip. 
an Equinox 80ED refractor, we took a series of It also possesses a useful 
one-minute exposures of comet 41P/ Tuttle- carry handle and an 
Giacobini-Kresak and of galaxy pair M81/M82 in improved protective cover 
Ursa Major on separate nights, and obtained good for the polarscope. 


results on both image runs. We also hooked up our 
Wi-Fi controller to the handset and used SkySafari 
Pro 5 to control the mount wirelessly, undertaking 
another tour of the sky with good results. 

We can see the EQ6-R becoming the staple 
mount of choice for those wanting to upgrade 
from EQ3 and EQ5 mounts if they wish to stick 
with a familiar setup and delve into the realm 
of astrophotography.@ 


VERDICT 


ASSEMBLY 

BUILD & DESIGN 
EASE OF USE 
GO-TO ACCURACY 
STABILITY 


OVERALL tok kk 
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THE GREAT AMERICAN ECLIPSE TOUR 2017 


14 - 24 August 2017 


Join us on this wonderful tour of the beautiful West Coast of the United States where we will view the Total Solar Eclipse 
of 21 August 2017 from our location in Oregon where weather prospects are at their best to hopefully allow for a 
clear view of this phenomenal natural wonder. Your fantastic 10 night tour will take in Oregon’s stunning coastline 

and natural wildlife, the giant Redwoods of California, spectacular Crater Lake, the charming town of Ashland, lively 

Portland, a wine tasting session in a local winery and much more. You will also be able to enjoy the benefit of a series 

of fascinating astronomy talks from our expert lecturers Dr Marek Kukula (Public Astronomer at the Royal Observatory 

Greenwich) and Dr Ed Gillen of Cambridge University who will be joining us. 


Prices from £2,275 per person 


Call 020 7766 5237 
Email info@eclipseofthecentury.com (tay 


www.eclipseofthecentury.com 


JMAGINE ENJOYING THE SKY FULL OF ® 
+ STARS-WHILE SITTING:ON YOUR SOFA claude bernard = _— Moonphase watch £235 


: - susie: . ne swiss made watches | as Ladies size £215 
This dream can become reality with the Homestar Original 


. from Sega Toys. The high definition planetarium with the | 
ultra-bright 3-watt LED and rotating movement projects 
the night sky throughout the year. The handy timer 
lets you fall asleep while gazing at the stars. Twodiscs | 
included, more available. ; ; 


Only £99 
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FIRST LIGHT 
William Optics £ 


ap 


WORDS: TIM JARDINE 


VITAL STATS 


e Price £879 (tube only), 
£999 (including 
flattener) 

e Optics FPL 53 
Apochromat 

e Aperture 71mm 
(2.8 inches) 

e Focal Length 
420mm (/5.9) 

e Focuser Dual-speed 
rack and pinion with 
1:10 fine speed 

e Extras Tube rings, 
dovetail, 1.25-inch 
adaptor, soft 
carry case 

e Weight 2.2kg 

e Supplier 
Widescreen Centre 

e www.widescreen- 
centre.co.uk 

e Tel 01353 776199 


See an interactive 360° model of this scope at 
www. skyatnightmagazine.com/wogt71 € J) 


GT71 


rac 


tor 


A small-aperture scope that delivers great views 


car emblazoned with the 
words ‘Gran Turismo’ 
evokes an expectation of 
performance and luxury. 
William Optics has produced a 
compact, 2.8-inch apochromatic 
refractor that hints at the motoring 
connotations with its name, the GT71. 
Lifting the bonnet — or in this case the 
lens cap— reveals that “Gran Turismo’ 
is discreetly etched onto the lens cell. 
We were keen to discover whether this 
little telescope lived up to those big ideals. 
The GT71 certainly has luxurious looks, with 
its gold trim and classic white tube delivering an 
impression of sophistication. There is something 
about the fit and finish of this new model too that 
just feels ‘right’. What really matters, though, is the 
performance, and to test this our review telescope 
was supplied with an optional field flattening and 
reducing lens, the William Optics Flattener 6A 
adaptor. This has a dedicated spacing ring for the 
GT71 and Canon EOS fittings, and we attached our 
DSLR camera directly to this. It’s a very quick and 
straightforward method of using a camera with the 
telescope. You just focus and go. 
Finding the perfect balance point on a mount can 
be tricky for little refractors with short dovetails, as 


SKY SAYS... 
The lightweight 
GT71 should be 
usable with a 
range of mounts, 
including the 
popular travel- 
friendly type 


there is limited room to position the 
tube rings, but the lightweight GT71 
should be usable with a wide range 
of mounts, including the popular 
travel-friendly type. Indeed, with 
its soft travel case and compact 

size, only 325mm when the dew 
shield is retracted, this seems an 
ideal companion telescope for 
travelling astronomers. 


Optical excellence 

Our first targets were the bright stars in the 
constellation of Orion. These large, hot, blue stars 
will often highlight any optical issues, but we were 
pleased to see that the triplet lens system showed 
no evidence of star bloating or unwanted reflection 
artefacts, demonstrating good colour correction 
and star shapes across the picture. 

During use the focuser was solid and dependable, 
and held our heaviest camera firmly without 
flexing when fully extended. We liked the large 
easy to handle coarse focusing knobs and the 
slick operation for fine focusing, but remain 
unconvinced of the usefulness of the thermometer 
that is included on one side. 

Swapping our DSLR for a colour CCD, we were 
able to capture images of large targets, such as > 


A TERRIFIC TRIPLET LENS 


optical glass, including 


in this way, the 


in close focus. 
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The GT71's apochromatic triplet lens is 
manufactured from high quality 


FPL-53 elements with high 
transmission coatings, 
all held in place with 
a CNC-machined 
adjustable cell. By 
using three lenses 


dominant colours 
of the spectrum can 
be brought together 


Astrophotographers will 
be able to enjoy pinpoint 


star images without bloated colour haloes, 
while visual observers will get to appreciate 
the views of bright targets such as the Moon 
or planets free from distracting colour fringes 
and colour aberrations. 

The focal length of the telescope is 420mm, 
giving a sensible focal ratio of f/5.9. This in turn 
enables astrophotographers to speedily capture 
photographs of large nebulae and extended 
deep-sky objects. Indeed, all our captured 
images were short unguided exposures. The 
excellent colour-correcting properties of the 
telescope make it eminently suitable for DSLR 
and one-shot colour CCD photography, 
appealing to those desiring a simple and 
compact option for holiday or travel astronomy. 
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BAFFLES 


Stray light needs dealing with to ensure good background contrast whether 
using an eyepiece or a camera. In addition to the protective dew shield, the 
inside of the optical tube is lined with a matt black series of baffles, which helps 
to do away with unwanted reflections and problems with scattered illumination. 


“Sanus es 


DEW SHIELD 


Observing or imaging sessions are often 

frustratingly cut short by problems with dew 
on the lens, so we were pleased to see that the 
extending dew shield locks firmly in place with no 
chance of slipping back. The dew shield extends a 
full 10cm past the objective lens. 


TUBE RINGS 


Holding the telescope firmly is the job of the supplied 
black tube rings, complete with a gold Vixen dovetail, 


FOCUSER 


A dependable focuser is a must for astrophotography, and this robust, 2.5- which complements the telescope lens cap and tube 
inch rack and pinion offering has stainless steel internal reinforcement bars trim. The rings have threaded holes on top for additional 
to prevent the drawtube flexing. A screw-on cover protects the fine focuser accessories such as a guide camera or finderscope, and 
during transit, and the chunky knobs are easy to use even with cold fingers. are easily adjusted using thumbscrews. 
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A soft and padded carry case with detachable 
shoulder strap assists with the portability of this 
little refractor, protecting it during travel or storage. 
Custom cut outs allow the telescope to be stowed 
with tube rings in place, and there is room for an 
eyepiece or two or field flattener. 


> Markarian’s Chain in Virgo, Bode’s Galaxy and 
the Cigar Galaxy (M81 and M82) in Ursa Major, 
and the popular triple grouping in Leo consisting 
of M65, M66 and NGC 3628. We appreciated the 
ability of the GT71 to allow us to photograph these 
targets in context while allowing for a naturally 
coloured surrounding star field. 

With such pleasing results from the cameras, we 
were confident that eyepiece views would likewise 
be rewarding and we were not disappointed. Using 
our own diagonal and 10mm eyepiece, we put the 
reducer aside and enjoyed excellent views with good 
contrast, even at 40x magnification. Our favourite 
view of the night was that of the whole of the 
Pleiades open cluster (M45) visible at once, with a 
hint of nebulosity around Merope; we also noted 
plenty of nebulosity around the Orion Nebula too. 

Star shapes were sharp and good to the edge 
of the 72° field. There is something extremely 
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4 M81 and M82, imaged in 26 300-second unguided exposures with Atik 460EX camera 


M65, M66, NGC 3628, created from 
33 unguided exposures lasting 300 
seconds taken with the same camera . 


satisfying about using a small, good-quality 


refractor for visual use, and we rounded 
off the session with a fine view of M81 

and M82, even glimpsing NGC 3077 
within the field of view. 

Returning to our camera we used the graduated 
measurements on the focuser drawtube to rapidly 
find focus and start an imaging session, and in 
fact we found that the focus position remained 
very stable throughout the night, and even 
over consecutive nights. 

In a competitive arena, the GT71 brings a certain 
standard of luxury to the starting line up, with a 
convincing performance that will satisfy both 
astrophotographers and visual observers. @ 


VERDICT 


BUILD & DESIGN 
EASE OF USE 
FEATURES 
IMAGING QUALITY 
OPTICS 


OVERALL toh hk 
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Trade stands including 


Solar observing 
Local society displays 


5 Renowned Guest Speakers 


Free admission to exhibition 
Details and lecture tickets available from 


www.oasi.org.uk 


My work is available as, greeting cards, posters and 
canvas prints. Produced from original oil paintings of 
nebulae and galaxies, my oil paintings are 
predominantly comprised of crystal mineral powder, 
which | mix with linseed oil. Examples of the minerals 
that | use are: malachite, azurite and lapis lazuli. 


Visit the shop crystalspaceart.etsy.com 
or email julieruthbramley@gmail.com 


We know the territory — you'll experience the 
difference. We pride ourselves on our intimate 
and expert knowledge of Scandinavia, the Baltic 
States, Russia and more. By combining our first-hand 
knowledge of your destination and our extensive 
experience within the global travel industry, we're 
able to tailor-make the perfect holiday for you - 
whatever your interests, budget and location. 

To discover the Northern Lights visit our website or 
call the phone number below. 


i 


Solar Eclipse Glasses 
How to look at the sun, safely 
Now ready for 21 AUGUST 2017 
Longer arms and thicker card frame 
Available on Amazon and our own website 


iT pe 
+ % 


EDUCATION 0800 756 9788 
ummm educationharbour.com 


WWW.THESECRETSTUDIO.NET X 4 


98 


FIRS | LIGHT 


See an interactive 360° model of this camera at 


www.skyatnightmagazine.com/asi1600mccoo 


ZWO ASI1600MC-Cool 
USB 3.0 colour camera 


A capable camera with dual roles as a wide-field and Solar System imager 


WORDS: PETE LAWRENCE 


VITAL STATS 


e Price £1,076 

e Sensor CMOS 
Panasonic 
MN34230PLJ 

e Pixels 4656x3520; 
3.8m square 

e Resolution 
16 megapixels 

e Exposure range 
32 microseconds 
to 2,000 seconds 

e Read noise 1.2e 
at 30dB gain 

e Size 74mm diameter, 
72mm long 

e Weight 410g 

e Supplier 
365Astronomy 


e www.365astronomy. 


com 


e Tel 020 3384 5187 


PANASONIC MN34230PLJ SENSOR 


The stand-out feature of this camera is 
the 4,656x3,520-pixel sensor. The chip 
has a 21.9mm diagonal, so if you want 
to use 1.25-inch filters you will need to 
mount them as close as possible to the 
sensor to avoid excessive vignetting. 

The small (3.8ym) pixels can be binned 
together for greater sensitivity. It is 
difficult to obtain a precise quantum 
efficiency value, but the overall sensitivity 
seen throughout our testing was very 
acceptable. Relative peak sensitivity in 
red and green are very similar, with blue 
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e have reviewed a 
number of cameras 
recently that have 
pushed at the 
boundary between Solar System and 
deep-sky astrophotography. 
ZWO?’s cooled, one-shot-colour (OSC) 
ASI1600MC-Cool is another. However, 
unlike its predecessors, which have 
nipped at the heels of mid-resolution 
cooled astronomical CCD cameras, this CMOS- 
based device has a 4656x3520 pixel (16 megapixel) 
sensor that takes a serious swipe at cooled large- 
format OSC CCD devices and DSLRs. 

Its full resolution is best suited for deep-sky 
imaging and its large format sensor certainly gives a 
DSLR-like experience. Shooting the Orion Nebula 
through a 130mm f/3.3 astrograph, we had no 
difficulty in fitting the entire sword region on chip 
in one go. Despite the camera’s relatively small 
3.8m pixels, we found its sensitivity to be 
excellent, as was its colour rendition. It was as 
capable of capturing the hydrogen-alpha reds in the 
Orion Nebula as it was the lovely blues of the reflection 
nebula that permeates the Pleiades open cluster. 

Using the whole sensor area restricts the camera’s 
peak frames per second (fps) value to 23fps in 10-bit 
mode, or 14fps if using the increased tonal range of 
its 12-bit mode, which is fine for large deep-sky 
objects. Exposures can range from 32 microseconds 


coming in at around 80 per cent. The 
sensor supports region of interest 
definition, an essential for this device's 
dual roles as a wide-field deep sky 
camera and one that can concentrate on 
the relatively small target of a planet's 
disc. Read noise is extremely low at 
1.2 electrons at 30db gain and, 
despite their tiny size, the full well 
depth of each pixel is excellent at 
20,000 electrons. Long exposure 
noise is impressively low with the 
camera's cooling enabled. 


SKY SAYS... 
Is this the 
ultimate astro 
camera? Well, it 


does tick a lot of 
boxes and can 
be used across 
the board... 


up to 2,000 seconds, and typically we 
found ourselves working in the 10- to 
60-second range while imaging 
deep-sky targets. With the low noise 
characteristics of a camera such as 
this, short exposures will deliver a 
good signal to noise ratio, which is 
ideal. Noise is further kept at bay via 
active cooling, enabled by connecting 
an optional external power supply. 
This is very efficient and can drop the temperature 
of the sensor to between 40 and 45 degrees below 
the ambient temperature. In our tests, we timed a 
drop from 15°C to —20°C as taking five minutes. 


The clear benefit of cooling 

The difference between having the cooling on and 
off was dramatic when we compared a —20°C cooled 
900-second dark frame against a non-cooled one. It 
was only after a severe stretch that we could see any 
background noise in the cooled version, including a 
couple of regions of amp glow. Stretching the much 
noisier, non-cooled image by the same amount 
made it appear pure white. 

For the planets, the full 4656x3520-pixel array is 
overkill; instead you would typically define a region 
of interest (ROI) to reduce the number of active pixels. 
With reduced data overhead, the peak frame rate limit 
increases. Imaging Jupiter at f/28 through a 14-inch 
Schmidt-Cassegrain with a ROI of 344x300 pixels > 
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USB 3.0 


Large sensor arrays produce lots of 
data, so high transmission speed 

is required. For the ASIIGOOMC- 
Cool, the connection to a host 
computer is established via a USB 
3.0 port on the camera's rear. The 
USB connection can transfer the 
sensor's 4656x3520 pixel array up 
to 23fps in 10-bit mode. A 2m USB 
3.0 cable is provided. 


OPTICAL CHAMBER 


The camera sensor is safely located 
behind a sealed optical window 
treated with anti-reflection coatings. 
The sealed chamber has a set of 
desiccant tablets inside to absorb 
any moisture, which could potentially 
freeze onto the sensor surface during 
cooling. A spare set of tablets is 
supplied in the event that the pre- 
installed set needs replacing. 


USB 2.0 HUB 


There are two USB 2.0 
ports where you'd expect 


a to find an ST-4 compatible 


—_——_— autoguider port. Although 
i some still use the old port, 
many people connect 
guide cameras via USB. 
This can now be done 
with a short cable (two 
are provided) plugged 
directly into the back of 
the ASII60OMC-Cool. 


THREADED 
APERTURE 


The camera body has a 
T2-threaded ring so you 
can connect equipment 
such as filter wheels or 
extenders. An 11mm T2 
extender ring is provided 
along with a T2-M48 ring. 
This is 18.5mm long, with 
a female M48x0.75mm 
thread, typically used 
for 2-inch filters. Both 
extenders have 2-inch 
external diameters. 

A 2-inch dust cap is 
included. 
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FIRS | 


SKY SAYS... 
Now add these: 


1. 365Astronomy 
12V 2.0A AC 
adaptor 

2. 365Astronomy 
imaging flip 


mirror 


3. ZWO 
adjustable 
EOS-T2 lens 
adaptor for 
ZWO ASI 
cameras 


LIGHT 


> gave us a very 
respectable peak 

capture rate of 110fps 
and allowed us to 

record 6,763 frames 

in 61 seconds. 

Planetary and lunar 
imagers often venture 
into the infrared part of 
the spectrum and here 
the sensor’s sensitivity 
remains high in the red 
channel, but less in green 
and blue below 800nm. 
After this, the infrared 
sensitivity of all three 
channels reaches a 
similar level of 35-40 per 
cent that of the peak red. 

The large format sensor 


is particularly good at capturing 
extended Solar System targets such as 


the Sun and Moon. Using a 4-inch f/9 refractor, for 
example, we had no problem capturing the entire 


disc of the Moon on the sensor. However, because 


the file sizes created by this camera can grow 


quickly at full resolution, you'll need to keep plenty 


of free storage space on your memory card. Our 


capture file of just 105 full-array frames came in at 


4.8GB. A powerful computer is also required to 


register and stack these files in post-processing. 

The ASI1600MC-Cool is very easy to set up. 
A unified driver can be downloaded from ZWO’s 
website and, once installed, it should work with 
your favourite control program. Free software such 
as SharpCap and FireCapture work well, as does the 
commercially available Astrolive. Thanks to a deal 
struck with ZWO, Astrolive is available for free use 


with ZWO cameras. 


So is this the ultimate camera for astronomy? 
Well, it does tick a lot of boxes and can be used 


right across the board for almost all astronomical 
targets. With an optional adaptor from ZWO, it can 
use DSLR lenses for wide-field imaging, although 
oddly the camera body does not have a tripod 


mounting thread. With such a wide imaging 
repertoire the ASI1600MC-Cool is certainly one to 


consider very strongly. @ 


VERDICT 


BUILD & DESIGN » 2.0.9 .0.4 
CONNECTIVITY > ©. 0. @.o 
EASE OF USE tok IK 
FEATURES » 2.2.0.4 
IMAGING QUALITY kkk 


WWWZ&£FTHESECRETSTUDIO.NET, PETE LAWRENCE X 2 


OVERALL * 
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4 Dark frames reveal the impact of the cooling system: 
the one on the left is cooled, the one on the right isn’t 


Many large targets, like 


the Orion Nebula, fit.onto * 
the camera's chip in their 
entirety; this shot is made 
from 10-secohd subframes * 


COOLING 
SYSTEM 


The camera's two-stage 
regulated thermoelectric 
cooling system uses active 
cooling to bring the 
sensor temperature down 
to 40-45 degrees below 
ambient temperature. 
Excess heat dissipation is 
assisted by a large body 
heat-sink and rear maglev 
fan, which is silent and 
vibration free. The cooling 
system requires 12V/2A 
power, which must be 
provided separately. 


Upgrade Your Polarie 
The latest accessories for your 
Polarie Star Tracker increase the 
; payload from 2.5kg to over 6kg. 
Pengwermn This allows the use of longer 
x telephoto lenses, dual cameras 


igi Country House or small refractor telescopes. 


‘ 


; : : 75522 Polarie Mounting Block - 
Im Betws-y-coed, Snowdonia. 4* B&B or Self-catering (for two) replaces existing mounting 


01690 710480 www.snowdoniaaccommodation.co.uk apes: increase payload 
‘0 6.5kg. 
75525 Dovetail Slide Bar - 
Vixen-style bar with 1/4” 
attachment points for 
camera accessories or 
optional counterweight. 
= a 75529 Polarie Upgrade Kit - 
nomical Telescope l f ; includés mounting block, 
4 dovetail bar, polar scope 
and fine adjustment unit. 


Prices fram £109 


atge [russ-tube 


yor D obsonians www.vixenoptics.co.uk 


es Notiinch: IK Sz For more information and stockists of Vixen and 
) Made in Nottingham, UK 2s =. Opticron astronomy products please call 
TAN. obson o.uk 01582 726522 quoting reference SN617. 


ty) 4 On f Distributed in the UK by Opticron, Unit 21, Titan Court, Laporte Way, 
nf Ae Le 6 Luton, LU4 8EF 


OWL BARN RETREAT Increase the efficiency of your ; 
Offers comfortable reflector hy up to 25% FAT 


accommodation tucked Our HI-LUX coating can be applied to almost any Hi- >. 4 
amongst the beautiful reflector, in virtually any condition or no matter how \ yy ai 
Seema F qe : High Reflectivity 
Berwyn Hills in Mid Wales. old. Improves the reflective efficiency of your mirrors. Coating 
The sunsets and sunrises Find out more on ener 


are quite spectacular from our website: Optics > — 
the balconies and due to . : awe Mirror Recoating i 5 

I ° P i or call / email (Qe?) ) 3 
unpolluted night skies and 


360° views the opportunity 
for star gazing is excellent. 


ORION optics uk 
tech enquiries: john@orionoptics.co.uk 


Telephone 01782 614200 
Wwww.orionoptics.co.uk 


www.owlbarnretreat.com 


owlbarnretreat@hotmail.com 
01691780491 


Yr Hen Stablau is a cosy cottage, 
sleeping six, within Snowdonia 
ational Park Dark Skies 
Reserve. The cottage has a 
strong green ethos, with solar 
heated water, a stargazing kit 
and many other eco elements, 
Casa Mimi Lanzarote and is also wheelchair accessible. 
Lovely detached villa with breath taking views from the Weekly lets and short breaks 
house and terrace. With a private pool set in a pretty from £275 for three nights. 


garden. It is the perfect place to relax and unwind. 
www.casamimi.co.uk 


www-.selfcateringcottagewales.co.uk 
01654 703428 
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Books 


New astronomy and space titles reviewed 


The Sun 


Leon Golub, Jay M Pasachoff 
Reaktion Books 
£25 @ HB 


Our local star has been getting ever more 
popular with amateur astronomers in 
recent years, with solar telescopes 
becoming more readily available and 
recent eclipses and transits continuing to 
grab the public’s imagination. What sets 
this book apart from a myriad of others 
on the subject is its easy-to-read, non- 
technical language. In cases where a 
more complicated point needs to be 
communicated, this is backed by analogies 
from everyday science to get the 
information across in layman’s terms. 
Starting with the Sun’s internal 
workings and how this drives the features 
that we observe through telescopes and 
spectral lines, Leon Golub and 
Jay M Pasachoff take the 
reader on a logical journey 
outward through the 
Sun’s atmosphere, and 
finally consider its 
influence on the Solar 
System and beyond in 
terms of space 
weather. This is done 
by historical recount of 
how the science has 
evolved over time to get 
to our current point of 
understanding, and provides 
a refreshing change to the 
many mathematical formulae 
and equations that are presented by 
some other books on the subject. 
Appendices then briefly cover solar 
observations, with interesting and useful 
information that would be suitable for a 
newcomer to solar eclipses. However, it 
would have been nice to see slightly more 
detail on the safe ways to view eclipses, 
rather than having more focus on what 
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Our Sun often flares 
violently, but on the whole 
it is considered a calm star 


are the historically unsafe methods, for 
example DVDs and smoked glass. 

An informative, basic section on 
space-based solar observation is 
included, as is up to date information 
that provides the reader with further 
details on solar observing, including 

equipment and practical guidance. 
What’s particularly nice is 
how the further reading 
section for each 
chapter includes 
carefully chosen 
texts that would 
effectively build 
on the knowledge 
already gained, 
should you want 
to explore the 
subject further. 
This entertaining and 
easy read is ideal for 
beginners wanting to 
find out a bit more about 
the Sun and its wider 
influences, without being bogged down 
by the sort of heavy science that can be 
dull to read and difficult to understand. 
Taken in this context, this is a 
thoroughly recommended book. 


Kkkk 


MARK TOWNLEY is an experienced 
solar observer and photographer 


RATINGS 
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* Avoid 


TWO MINUTES WITH 
Leon Golub 


What are the biggest 
unsolved mysteries 
about the Sun? 

The Sun is the most 

well studied star in the 
Universe for us on Earth, 
and many of the theories about how stars 
evolve are based on our ability to 
observe the Sun in exceptional detail. The 
biggest unsolved problem now is how to 
explain, understand, and predict the 
activity that produces the hot corona, the 
cycle of sunspots, and the related 
dynamic phenomena that we know as 
coronal mass ejections and flares. 


Stars don’t last forever. How long 

is ours likely to last, and what will 
happen when it dies? 

In several billion years its outer layers will 
start to swell, making it a giant star that 
has expanded to include the orbit of 
Mercury. But our descendants should 
have mastered space travel by then. 
Before that time, the Andromeda Galaxy 
will collide with our own Milky Way, 

so perhaps the gravitational interaction 
will throw stars around. 


What are solar winds, and how 
damaging can they be to life on Earth? 
The solar corona is so hot that the Sun’s 
strong gravity cannot fully contain it, and 
the result is a flow of particles from the Sun 
known as the solar wind. Our atmosphere 
and our magnetic field protect us from most 
of the damaging effects, but satellites and 
astronauts in space — and even passengers 
on over-the-pole flights — can be 
vulnerable, and constant surveillance of 
the Sun is needed for their protection. 


LEON GOLUB is a Senior Astrophysicist 
at the Smithsonian Astrophysical 
Observatory in Cambridge, Massachusetts 


Totality 


The Great American Eclipses of 2017 and 2024 


Mark Littmann, Fred Espenak 

Oxford University Press 

£25 @ HB 

~ Considering the size 
of its landmass, it 


comes as some surprise 
to discover that the 
mainland US has not 
experienced a total 
solar eclipse since 

1979. But that is all 
about to change. August 2017 heralds the 
first of two North American total eclipses 
with the second taking place 
in April 2024. 

Your guides to these two exciting 

events are Fred Espenak, often known 
as “Mr Eclipse’ and Mark Littmann, an 
established Solar System writer and 
eclipse chaser. Together, they take you on 
a relaxed, well-written and information- 
packed expedition discovering the history 
of eclipses, the main players who observed 
them in the past, why they occur, how best 
to enjoy them, what to expect and where 


Mars 


and when you will be able to see future 


total, partial, annular and hybrid eclipses. 


Accompanying the text are numerous 
easy-to-understand illustrations 
explaining the 2017 and 2024 events 
with excellent localised maps to help 
with trip planning. Smaller global maps 
are included for every other eclipse 
event occurring between 2017 and 2045 
anywhere in the world. While there are 
some colour images, the majority are 
black and white. 

The historical importance of the 
1919 eclipse in proving Einstein’s 
general theory of relativity has a chapter 
to itself. History and science finished, 
the book moves on to provide detailed 
information on how to both observe 
and image future eclipses. 

This is an excellent introduction to 
eclipses, with plenty of detail to satisfy 
experienced eclipse chasers as well. 


to Kk 


STEVE RICHARDS is an experienced 
astro imager 


geography and geology of 
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Astrophysics 
for People in 
a Hurry 


Neil deGrasse Tyson 
W.W. Norton 


£14.99 @ HB 


_ “The Universe is 
under no obligation 
to make sense to 
you.” The epigraph 
of Neil deGrasse 
Tyson’s latest 

book hints that 

understanding the 

mechanisms and 
structures within our Universe is 
probably beyond reach. But this is a 
ruse because by the end of this book, 
you may not know all the answers to 
the bigger questions that continue to 
perplex the greatest minds, but you 
will most certainly have a pretty good 
grasp of every part of our known 
Universe, how it came to be and what 
still keeps physicists up at night. Not 
bad for a book just over 200 pages. 

Using accessible analogies in a 

lighthearted and tangible style, 


ASTROPHYSI(cs 
PEOPLE 
HUSSEY 


BOOK Mars, making us feel like birds 
OF THE 
MONTH 


Tyson gets to the heart of the matter, 
translating complex and dense source 
material into short, sharp and relatable 
prose. “We are stardust brought to 
life, then empowered by the Universe 
to figure itself out - and we have 
only just begun,” he says at the end 
of the first chapter, which provides a 
backdrop to the overarching story of 
our Universe from its early beginnings 
to present day. Digging deeper in 
subsequent chapters covering gravity, 
light, dark matter and dark energy, 
Tyson shares not only what is understood 
but also the questions that remain. 
Tyson has told the story of our 
Universe magnificently in these 12 
short chapters adapted from essays 
published in Natural History 
magazine over 15 years ago. This 
may have been written for people in 
a hurry, but | urge you to take your 
time. It will all be over far too soon. 


The Pristine Beauty 
of the Red Planet 


Alfred S McEwen, Candice Hansen- 
Koharcheck, Ari Espinoza 
University of Arizona Press 

£65 @ HB 


MARS 


THE PAIS TENE BLAU TY OF THE RED PLANET 


flying above the Red Planet, 
looking for landing spots. 
But light brown dunes, reddish 
gullies and grey avalanches are more 
than just beautiful landscapes. These 
structures store the history of the Red 
Planet, from the so-called ‘modern times’ 
of dust and ice caps to the landforms 
created during its ancient history. 

This is a very creative science book. 
Breathtaking images are well intertwined 
with simple text in over 20 languages, 
illustrating how we humans can use 
multiple voices to describe another planet. 
“This book is our version of the Golden 
Record,” the writers conclude. 

For scientists, this book may be a record 
of Martian geology, history and even a 
search for possible future landing sites, 
while astronomy enthusiasts will find a 
snapshot of our current scientific 
understanding of the planet. Dreamers 


Images selected 
to portray the 
diversity of 
life on Earth 
were sent into 
space 40 years 
ago on the 
Voyager spacecraft, and images that might 
make up a Golden Record of Mars have 
been captured by the Mars Reconnaissance 
Orbiter and are presented in Mars: The 
Pristine Beauty of the Red Planet. 
“You're now at the top of the world, the 
summit of Olympus Mons, the tallest 


volcano in the Solar System. In addition 
to lava flows, impact craters, and wind- 
streaked dust, sometimes there will be 
features such as this lava channel.” This 
passage is just one example of how the 
authors guide readers through the 


will use it as a tool for a journey through 
time and space. 


» 9.0. 2.8.4 


SANDRA KROPA is a science journalist 
and writer 


tok kkk 


NIAMH SHAW is an engineer, 
lecturer and science communicator 
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Gear 


Elizabeth Pearson rounds up the latest astronomical accessories 


1 Baader Universal 
Filter Changer 


Price £59 © Supplier Widescreen Centre 
01353 776199 © wwwwidescreen-centre.co.uk 


Quickly change your filter with this accessory. 
An extensive range of adaptors allows you 
to connect this device between almost any 
camera and telescope. DSLR not included. 


2 Space Socks 
Price €10 © Supplier SockM 


www.sockm.com 


Prepare for blast off with these designer 
space socks. They are ‘spaceflight safe’, 
made from the fireproof cotton commonly 
found on the ISS, and reinforced with silver 
and copper thread to prevent static build up. 


3 Constellation Map y 
Price From £35 © Supplier The Future 
Mapping Company ® https://futuremaps.com 


This stunning star chart features the constellations 
of the northern and southern hemispheres / 
depicted alongside 17th century illustrations by 
Johannes Hevelius. It’s available on paper, 
plastic, magnetic board and wallpaper. 


4 Revelation 1.25-inch 
Diagonal 

Price £62 © Supplier Telescope House 
01342 837098 * www.telescopehouse.com 


This diagonal repositions your eyepiece so 
that it sits in a more comfortable position. The 
heavy-duty design allows it to carry more 
weight without flexing. 


5 Telegizmos Scope Cover 
Price From €35 © Supplier Astroshop.eu 
www.astroshop.eu 


Protect your telescope all year round with this 
range of waterproof and reflective covers, 
which keep heat, cold and dampness at bay. 


6 Altair 2-inch Herschel Wedge 


Price £339 © Supplier Altair Astro 
01263 731505 * www.altairastro.com 


Safely transform your refractor into solar 
observatory with this Herschel wedge. 
Perfect to observe the summer Sun, or even 
image the Great American Eclipse. 
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NEW DISCOVERY-BLACK LIGHT 


& Get in touch and | will send you a prism, free of 
charge, so you can see the two prisms of coloured 
light around your body and your neighbour's body. 

& How to bounce your own shadow on to your chest. 
Why is there no black or white in the rainbows? 

& Read how we are all connected to the sun. 


Contact details: 
Email: jv.moloney@btinternet.com or 
write to JV Moloney, 8 Mayflower 
Way, Farnham Common, Bucks, 
SL2 3TX 


Discover the expansive dark sky of 


the Severn Vale 


The Old Cider House, self catering cottage 
for two, on the banks of the river Severn. 


A Private Rural Hamlet of quality 
Self Catering Cottages set in peace 
& tranquility of Award winning 
gardens near Looe, Cornwall. 
Ideal for exploring Cornwall with 
beaches, moorland & secluded 
smugglers coves nearby. For 
Families & Couples with Putting, 
tennis, games room, friendly pets 
& play areas. Inclusive tariff. Cots & 
GRaMEMEGAM = highchairs free. Pets Welcome. 
Tel: 01503 220333 
www-.selfcateringcottagecornwall.com 


GALLOWAY ASTRONOMY CENTRE 


Discover the Night Sky in Galloway 


Located near the UK’s first Dark Sky Park, we can give you a personalised guided 
tour of the wonders of our beautiful night sky. With our large 16" Newtonian 
telescope the views of the planets, star clusters and galaxies are truly spectacular. 


To learn more about the night sky or for help using a telescope our astronomy 
courses are for you. 


As a Skywatcher and Celestron dealer we offer free help and advice on buying a 
telescope. 


At the centre we also provide B&B style accommodation and evening meals. 
Our Stargazer Gift Voucher is a great gift at any time. 


Prices from only £26 pppn. Children and pets welcome. 
To book contact Mike Alexander: Craiglemine Cottage, Glasserton, Wigtownshire, 
Scotland DG8 8NE ¢ &¥ 01988 500594  enquiries@gallowayastro.com 


www.gallowayastro.com 


See our website 
any make! any age! for full details 
Over time, your telescope will benefit from a 

General Service. We offer you the opportunity 

to help you look after your telescope, regardless 

of it’s make or age and keep it in tip-top 
condition. There are many telescopes on the 


market but all will perform siittitn 


much better with regular 
ORION optics ux 


mechs 
service and 
tech enquiries: john@orionoptics.co.uk 


ie 
J) 
Telephone 01782 614200 


WWw._Orionoptics.co.uk 


FIND THE TELESCOPE SERVICE LINK ON ALL PAGES 


kay 


[Holiday u under sc some of the darkest —_ in n England 


Astronomy as it should be! sha 
Observe the night sky at its best | 4g. = 
with our observatory based 50cm |= ~ 
| Dobsonian, or image witha dome |= 
based, equatorial mounted, 18cm 3% 
Maksutov-Newtonian. 

Enjoy comfortable, self catering 
family accommodation. Located 
close to the North Devon coast, 
| this is a wonderful all year round & 
holiday destination. Dark skies, 
clear southern views and great 
countryside. All levels of interest 
are welcome. Visit our website for 
| details or phone 01409 241719 


{ 


www.AstroAdventures. cach! | 


nna n 


redmolotov.com ee ies oreo co 


in the 
beginni ing was physics. 


KORN 
raTAPH 


Ferniehirst Mill Lodge 


The B&B is 2.5 miles south of 
Jedburgh, off the A68. It’s ina 
. beautiful location, set in its own 
| grounds of 25 acres beside the Jed 
Water. All rooms are en suite. Dogs 
are welcome. 


Ferniehirst Mill Lodge, 
Jedburgh, Scottish 
Borders, TD8 6PQ 

01835 863279 
ferniehirstmill@aol.com 
www.ferniehirstmill.co.uk 
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WHAT | REALLY WANT TO KNOW IS... 


Why do young stars appear in old clusters? 


Bi-Qing For is intrigued by the arrival of newly born 
stars among much older stellar populations 
INTERVIEWED BY PAUL SUTHERLAND 


Herschel allowed us to match the locations of 
several thousand young stars with the 
locations of stellar clusters and among 
them we found 15 candidates that 
were much younger than other 
stars within the same cluster. 
Now we need to understand 
how young stars are being 
born in these old clusters. 
In other words, we need to 
find out what is fuelling 
this second generation of 
star formation? 

One possibility is that 
the fuel might be gas 
entering the clusters from 

interstellar space, but 
observations using radio 
telescopes have shown no 
correlation between this gas 
and the location of the clusters 
we've been studying. 
Hence we’re looking at a second 
possibility: that an old star expels a 
lot of gas into the interstellar medium, 


any stars in the Universe exist 
in clusters. The accepted view 
is that the stars ina 
particular cluster share 
a common origin — they formed 
from the same cloud of gas and 
dust at about the same time, 
meaning that they're about 
the same age. 

But around a decade 
ago, astronomers were 
looking at observations 
from the Hubble Space 
Telescope and found 
something rather 
surprising. They 
discovered that some 
galactic globular clusters 
contain stars with differing 
chemical compositions, 
meaning that the stars 
couldn’t have formed at the 
same time. This discovery 
challenged the traditional idea that 
star clusters form in a single episode 
of star formation. which then accretes to form a second 

It’s a conundrum that I’ve been investigating by generation of stars. This is the current line of 
looking at old star clusters, including globular The Large Magellanic thought we’re pursuing. 
clusters, in a companion galaxy to the Milky Way Cloud may contain You may ask why we’re not examining at clusters 


called the Large Magellanic Cloud (LMC). In the sip eae : in our own Galaxy. The reason is because some of 


globular star cluster community, two explanations conventional wisdom, the clusters are hidden behind the galactic plane 
have been proposed for what Hubble observed. young stars reside and the dust and gas in the Milky Way. The LMC 
One is that star formation in clusters is a very long is easier to study. 
process. And the other, which is causing much The next thing we have to do is produce some 
debate, is that what Hubble recorded was just an simulations to check whether old stars are capable 
observational effect, and not real. of ejecting enough material to fuel star formation. 
To try to solve this puzzle, my colleagues and Then we can compare the results we get from these 
I started looking for a young star in its very early simulations with the chemical compositions of the 
stages of life, just before it burns hydrogen to evolve real stars that have been observed with our 


ABOUT DR BI-QING FOR 
Dr Bi-Qing For is based at 
the International Centre 


into a main sequence star. Such stars have a very 
short lifetime, so if we were able to find young 


ground-based telescopes. 
NASA is set to launch the James Webb Space 


stellar objects in a star cluster, it would be direct for Radio Astronomy Telescope, the successor to Hubble, next year. What 
evidence that star formation is currently taking Research in Western we'd like to do once the James Webb is operational 
place, to support the first explanation. Australia, where she is undertake a similar study of clusters, but this 

To try to find these stars, we’ve been using data specialises in studying time in a galaxy much further away, such as M31, 


the two irregular dwarf 


from the European Space Agency’s Herschel Space : : 
galaxies, the Magellanic 


Observatory, an infrared telescope that was able to Clouds at differant populations in other galaxies will help tell us 
see into the LMC’s dust and tell us the position of S crelongine of light. whether or not the processes observed in the 
all the young stellar objects. LMC are unique to that dwarf galaxy. @ 


the Andromeda Galaxy. Looking at stellar 
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‘Telescope House Emall: s 


-(B) BRESSER’ 


=) pdalcerers fara. Paget on Or 


g £407 =W! i Sa " Dobsonians are the 
) = £56 
x £67 
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best value visual telescopes os 
* available - visit our Showroom { us 
to see a large range Ee 74 

— — 


Js of these telescopes 


Telescope House 
are TeleVue Star 
Dealers. We always 
have a full range 

of their Plossl 
Panoptic, Delite 
Delos & Ethos 
eyepieces on 

7 display & ready to 
test at our 
Starborough showroom 


S Excellent Dene 
. pressure-tuned Excellent 


portable Solar Scope Value 100% Safe 
Solar Fiim. Ideal for DIY! 


aes Explore Scientific Barlow " wag 
Focal Extenders 7 “ 
These high quality, A f a 
apochromatic 4-element q 4 ’ 
focal extenders give ns ' ; a) 
excellent results for both ol A 
imaging and visual use. 
Available in 2” 2x, and 1.25" 
2x, 3x and 5x options . 
£135 £76 £84 £229 £105 £1537.20 ~! 


# © © 00} & THE SKY GUIDE 


©) THE SOUTHERN HEMISPHERE 
We |N JUNE 


CHART: PETE LAWRENCE, IMAGE: KONSTANTIN VON POSCHINGER/CCDGUIDE.COM 


With Glenn Dawes 
1 JUN AT 00:00 UT The chart accurately matches the sky on the dates and times 
15 JUN AT 23:00 UT shown. The sky is different at other times as stars crossing it set 
: four minutes earlier each night. We've drawn the chart for 
30 JUN AT 22:00 UT atitude -35° south. 
JUNE HIGHLIGHTS STARS AND CONSTELLATIONS 


Comet C/2015 V2 Johnson has been a 

northern hemisphere object so far this 
year. But now that’s changed as it moves 
south in May and June, reaching perihelion 
on 13 June. It begins the month in Bootes, 
7° northeast of mag. +0.2 Arcturus (Alpha 
(a) Bootis) and finishes in Virgo, 12° east of 
mag. +1.0 Spica (Alpha (a) Virginis). It’s 
well placed in the northern evening sky, 
transiting (due north) around 20:30 EST 
mid month when it is expected to be at 
maximum brightness, around mag. +7.0. 


THE PLANETS 


Jupiter is in the early northern 

evening sky, near Spica. While 
feasting your eyes on this gas giant, turn to 
Saturn, which is rising in the east and 
visible the entire night. Mars is very low in 
the western evening twilight. Turning to 


DEEP-SKY OBJECTS 


Scorpius is a treasure trove of 

deep-sky objects. Starting at Mu 
(u) Scorpii scroll 2.5° east to find the 
open star cluster NGC 6281 (RA 17h 
04.7m, dec. —37° 59’; pictured). Its 
brightest (9th magnitude) stars are 
arranged in two curved lines 
meeting in a V shape. The 
rest of the letter is formed 
by dimmer stars 
making a triangular 
formation about 7 
arcminutes across. 


CHART KEY 


— GALAXY 


OPEN CLUSTER 


GLOBULAR 
CLUSTER 


PLANETARY 
NEBULA 


@ DOUBLE STAR 


D 
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DIFFUSE 
NEBULOSITY 


O VARIABLE STAR 


COMET TRACK 


The stars’ ancient names contain a lot 

of information. Take Virgo for 
example: its mag. +1.0 alpha star Spica 
marks the maiden’s left hand and means 
‘ear of grain’, revealing she’s holding some 
wheat. Mag. +3.4 Auva (Delta (5) Virginis) 
means ‘barking’ and mag. +3.55 Zavijava 
(Beta (B) Virginis) ‘corner’. Arabic legend 
has it that the constellation contained a 
kennel, formed by Beta ({), Eta (), 
Gamma (y), Delta (8) and Epsilon (e), 
which was home to dogs barking at Leo. 


the morning, June commences with Venus 
and Uranus close together, rising around 
03:30 EST. Venus has a close conjunction 
with the thin crescent Moon on 21 June 
and remains a striking beacon in the 
predawn eastern sky until August. 


The Bug Nebula, NGC 6302 
LW (RA 17h 13.7m, dec. —37° 06’), is 2° 

east-northeast of NGC 6281. This famous 
mag. +9.7 planetary nebula offers much 
to the observer. It consists of a bright, 
condensed core with two broader faint 
extensions running to the east and 
west, both narrowing down 
close to the core giving the 
overall impression of a bow 

tie. The nebula is only 

around 1.5 arcminutes 

on its long axis. 
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‘> Performance, 
“|| 6 \\5¢ Precision and Value 


SKY-V 


Sky-Watcher astronomical telescopes perfectly integrate modern optical technology with precision mechanical 
engineering, resulting in designs of superb functionality, versatility and uncompromising levels of performance. 

The Sky-Watcher EXPLORER range of Parabolic Newtonian Reflectors cater superbly for astronomers of all levels. 
Whether your interest is Deep-Sky Observations, the Moon and Planets, or a combination of both, the EXPLORER 


range offers excellent all round Diffraction-Limited performance. 
; a \ | 


Good 
for advanced 


Nnnp | 
Ul (Ch 


observing 
200mm (8") 1/1000 150mm (6”") f/750 PARABOLIC Saturn was a 
PARABOLIC NEWTONIAN “& NEWTONIAN REFLECTOR stunning sight 
REFLECTOR ‘ Standard Specification ggg hora 
* Magnifications (with eyepieces supplied) 
Prod.Code 2% x30, x60, x75, x150 
10923/20464 aS * Highest Practical Power (Potential) x300 
* Diameter of Primary Mirror 150mm 
OTA SRP £279 * Telescope Focal Length 750mm (f/5) 
EQ5 SRP £279 * Eyepieces Supplied 10mm & 25mm 


¢ 6x30 Finderscope * Fully GO-TO Upgradeable Fey 
¢ x2 Deluxe Barlow Lens Parabolic Primary Mirror ) fa 
¢ 0.5mm Ultra-Thin Secondary Mirror Supports 


\. Prod.Code 
* EQ3-2 Equatorial Mount with Aluminium Tripod : 10912/20448 


Standard Specification 
* Magnifications (with eyepieces supplied) 
x40, x80, x100, x200 
Highest Practical Power (Potential) x400 
* Diameter of Primary Mirror 200mm 
* Telescope Focal Length 1000mm (f/5) 
Eyepieces Supplied 10mm & 25mm 
* x2 Deluxe Barlow Lens * 6x30 Finderscope 
e Parabolic Primary Mirror 
* 0.5mm Ultra-Thin Secondary 
Mirror Supports » Fully GO-TO Upgradeable ‘ 
* E05 Equatorial Mount with Stainless Steel Tripod v a 
© 77% more Light Gathering than 150mm 


* 33% more Light Gathering than 130mm 


Pk Ce 
a | 
j OTA SRP £199 
j \EQ3-2 SRP £199 


Py 


Prod.Code 10949/20448 


OTA SRP £199 
£03-2 SRP £199 


/ 


~S 
150mm (6") #/1200 ‘ 


7 
PARABOLIC NEWTONIAN REFLECTOR ¢ i. 
Standard Specification 


\ 
& 
¢ Magnifications (with eyepieces supplied) e- Verdh " ; 
- ~ Verdict: a reborn classic 
x48, x96, x120, x240 ; ar that | can't recommend highty 
* Highest Practical Power (Potential) x300 
3 3 
Gi ~ ie \ 


The Explorer-200P passed all our tests 
with flying colours and was a delight to 
use both optically and mechanically” 


* Diameter of Primary Mirror 150mm enough for the price 
Khe Ade Ashford, 

* Telescope Focal Length 1200mm (f/8) scopetest.com 

¢ Eyepieces Supplied 10mm & 25mm > : 


pre a ADVANCED FEATURES All Sky-Watcher 14 & 1/5 
* Parabolic Primary Mirror Newtonian Reflectors feature high quality Paraboloidal 
* 0.5mm Ultra-Thin Secondary Mirror primary mirrors to eliminate spherical aberrations 
: producing sharp, contrasty images, which are full of detail 
Lb ME-1UUl Supports In addition they feature 0.5mm Ultra-Thin secondary 
100mm (4”) f/40 : Soa ei beceee mirror supports to 
PARABOLIC DOBSONIAN “Ajurminiuin Tripod eer abeysasy ry ny 
Prod.Code 10245 © 33% more Light Gathering than Watcher reflectors are 
130mm Multi-Coated with Silicon 
: Dioxide as standard for 
Optimum Durability and 
Long Term Performance. 


76mm (3”) f/300 
MIN! DOBSONIAN 
Prod.Code 10212 


| have used a great number of 


as é . telescopes; some are good, some 
Order Your FREE Cony Today o) 8 mediocre and some bad To me the 


Sky-Watcher range of instruments 
are very good indeed, & suited to 
. amateurs of all kinds - and they are 
| fea@o ‘ not priced out of the market! 
233 Excellent value 


130mm (5.1") £/650 ay FR MME Use them and enjoy them.” 


=" PARABOLIC DOBSONIAN : <-> Sir Patrick Moore CBE FRS (1923-2012) 


Our Products are Available from Dealers throughout the UK Please contact us, or Check our Website for your Nearest Stockist 


OPTICAL VISION LTD OPTICAL VISION LIMITED Importers and Distributors of Sky-Watcher 


UNIT 3, WOOLPIT BUSINESS PARK Astronomical Telescopes, Helios, Acuter, 


WOOLPIT, BURY ST. EDMUNDS www.opticalvision.co.uk Barr and Stroud Binoculars & Spotting Scopes 
SUFFOLK IP30 9UP www.barrandstroud.com and ‘Zenith’ Microscopes. 


ADVERTISING FEATURE 


Everything for the Amateur Astronomer 
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Orion® Premium 1.25" Orion® StarSeeker™ IV 
Telescope Accessory Kit 150mm GoTo Mak-Cass 


#8890 £159°° #13166 *1,00933 


Orion® GrandView™ Vari-Angle 
20-60x60 Zoom Spotting Scope 


#40908 £295'9 


Orion® Atlas EQ-G 
Computerized GoTo 
Telescope Mount = 


#9996 £1,27199 


Orion® Mini Giant™ 9x63 
Astronomy Binoculars 


Orion® SteadyPix 


EZ Smartphone #9463 £2059? 
26mm 32mm 38mm Set of moto able 
Orion® Q70 Eyepieces #5347 “82 


#24708 £25652 


Orion® StarBlast™ 62mm 
Compact Travel Refractor 


#10149 £32027 


> 


a 
Orion® SkyQuest™ XT8 PLUS 
Dobsonian Reflector 


CSTR OS a ie : i #8974 £4799? Vai 
Sk ITO i Me OS BAL TA ING aR ARN ASSE TOA ANAT ART GRE WOOO Nila! TEN ERR 
ia HY BA er Hedy Pas #1582 al i MANET aly CON PASS I TORR ea ta hen 
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TELESCOPE HOUSE Edenbridge, Kent 01342 837098 www.telescopehouse.com p LC C 


CUSTOMER SUPPORT 


—a) 
> | THE NEWEST STARS OF ORION 


a 
Our friendly, knowledgeable = io 
sales reps are available by EW Here are just a few of our newest astronomy products. Visit 
phone between the hours PRODUCTS OrionTelescopes.co.uk today to see our complete assortment, 
of 1400 and 2400 GMT and check back often to see the newest Orion gear. 
00-800 8989 0123 


Have questions? 

We are here to help! 

Use “Live Chat” today on our 
website between the hours 
of 1400 and 2400 GMT. 


OrionTelescopes.co.uk/offers 


Retail prices shown are current as of 24/05/17 
from Orion. Product prices include VAT. Prices are 
subject to change without notice. Please check 
OrionTelescopes.co.uk for the most current pricing. 
Dealer pricing and/or promotions may vary. 


ORION 
AUTHORISED 
DEALER 


Telescope House 
Edenbridge, Kent 
01342 837 098 
sales@telescopehouse.com 
www.telescopehouse.com 


FREE SHIPPING 


on orders of £100 or‘more* 


OR.. 


£7.95 FI AT-RATE 
* SHIPPING * 


no minimum order* 


Orion Telescopes & Binoculars now accepts 
the following payment options: 


= bdcs 


*Free Shipping Details: This promotion is valid at 
OrionTelescopes.co.uk. Dealer pricing and promotions may vary 
and are subject to change without notice. To qualify for free 
standard per-order and per-item shipping, your order must total 
at least £100 including VAT. Free shipping offer applies to Orion 
brand products ordered from OrionTelescopes.co.uk. This offer is 
not valid on orders in process or previous purchases. Offer does 
not apply to expedited shipping charges. Some exclusions apply. 
See OrionTelescopes.co.uk/offers for all the details. 
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Orion ° 6” f/4 Newtonian 
Astrograph Reflector 


This compact, 150mm aperture 
reflector will help you capture 
amazing deep-space astrophotos 
with a DSLR or CCD camera. Its 
precision, 2” dual-speed (10:1) 
linear-bearing Crayford focuser 
lies 7” back from the front of 
the 22.5” long optical tube 

to maximize contrast, and an 
exclusive steel reinforcing plate 
eliminates flexure when heavy 
imaging gear is attached. 


#10269 £3935? im 


Orion® StarShoot™ 
AutoGuider Pro & 30mm 
Ultra Mini Guide Scope 


This compact autoguiding setup is a 
perfect match for short focal-length, 
optically fast imaging telescopes. 


The 30mm Ultra-Mini Guide cx, 
t 


Scope’s multi-coated, f/4.3 optics 
provides a very wide field of view 

for easy guide-star acquisition, and built- 
in C/CS-mount threads allow secure, 
flexure-free attachment of the included 
StarShoot AutoGuider Pro Mono 
Camera. The highly sensitive StarShoot 
AutoGuider Pro will “guide” you to 
capturing better, cleaner, more precise 
exposures thanks to its astonishing 74% 
peak quantum efficiency. 


#20704£5215" tea 


Orion® 30mm 
Ultra-Mini Guide Scope 


Shed some weight from your 
astrophotography setup with the new 
pint-sized Orion 30mm Ultra-Mini Guide 
Scope! Its short focal length of just 
130mm (f/4.3) provides a very wide field 
of view, and C-mount threads provide 
direct, flexure free coupling to eyepiece- 
sized autoguiders like the Orion 
StarShoot AutoGuider Pro Mono. 


#52053 £14.6°° ima 


Orion® GrandView™ 
Vari-Angle 20-60x60mm Zoom Spotting Scope 


This powerful zoom spotter features an adjustable eyepiece which can 
be positioned at any angle between zero and 90 degrees - without 
removing any parts. Now you can view straight-through, at 45°, or at 90° 
to make every view as comfortable as possible. The zoom eyepiece lets 
you scan at 20x and boost magnification up to 60x for a closer look. 


#40908 £295") ime 


Telescope not included. 


Orion® SteadyPix™ EZ 
Smartphone Telescope Photo Adapter 


This device makes it “EZ” to capture sharp, well-framed smartphone 
snapshots of the view through your telescope, so you can share your 
stargazing experiences with friends and family via text, email, or social 
media. The sturdy SteadyPix EZ fits smartphones as small as 119.4mm 
x 60.9mm up to 210.8mm x 119.4mm in size. A rubberized eyepiece 
clamp securely grasps eyepieces with housings measuring 31-55mm in 
diameter, including most 1.25" (31.75mm) eyepiece designs. 


OG 
#5347 “823° wee 


Orion® GrandView™ Vari-Angle 
20-60x80mm Zoom Spotting Scope 


With its big, 80mm lens and adjustable-angle eyepiece, this deluxe 
spotting scope collects more light than its 60mm counterpart for 
brighter views. You can position the eyepiece at any angle between zero 
and 90° for optimal performance across multiple applications. Use the 
adjustable 20x-60x eyepiece to zoom in on the action! 


ee 
#40909 4.4279 ma« 


Orion® Twist-Tight Dielectric Mirror Star Diagonals 


We've given the standard dielectric diagonal a new twist - literally! A 
simple clockwise twist of their knurled red aluminum collars precisely 
centers any inserted eyepiece or accessory and grasps it with a more 
secure grip than a thumbscrew, without scratching. Each model features 
a highly reflective 
mirror with dielectric 
coatings that provide 
an astounding 99% 
reflectivity. 


Orion® 1.25" Twist- 
Tight Dielectric 
Mirror Star Diagonal 


ee 
#40901 £125'> tae 


Orion® 2" Twist-Tight 
Dielectric Mirror Star 
Diagonal 


#40902 £198"7 ae 


Orion® Telescope Observer's Guide 


This detailed Observer's Guide highlights over 60 celestial objects 

to observe in a small telescope. This book will guide you to amazing 
sights including planetary, emission and reflection nebulas; double and 
multiple stars; open and globular star clusters, the Andromeda Galaxy, 
and more. With a full page of information dedicated to each interesting 
object including a map and finder scope view of each object, and 
depictions of what you can expect to see in the telescope eyepiece. 


#51437 £1877 ieee 


Orion® StarBlast™ II 4.5 EQ Reflector 


With its 114mm aperture reflector optical tube and sturdy equatorial 
(EQ) mount with slow-motion controls, the compact Orion StarBlast II 
4.5 EQ is a favorite of both beginners and expert astronomers alike, and 
budding stargazers won't outgrow the telescope thanks to its great 
optics, convenient portability, and easy-to-use operation. Includes 
25mm and 10mm Sirius Plossl eyepieces, MoonMap 260, and more! 


#9250 £19199 fie 


Call us 00-800 8989 0123 (1400-2400 GMT) 3 


1901 

The 

Original Orion 
Dobsonian 


1993 
Launch of 
the Deep 
Space 
Explorers 


1995 
Deep Space 
Explorers 
get a Face 
Lift 


1999 ' 
Orion ~ 

Introducesthe “=== 

SkyQuestXT = — 
Series 


2007 
Digital 
Dobs Have 
Arrived: 
SkyQuest XT 
Intelli- 
Scopes 


2003 


Redesigned == 


XT Classic 
Dobs Take 
the Stage 


A 


ORION ees 
DOBSONIANS wo 


Since 1981, Orion has led the way in offering innovative and high- -quality. -S * 
Dobsonian telescopes — “Dobs” for. short. Today, Orion offers more. -*.-  .- 2 se 
types and models of Dobs than could ever have been imagined:by- ~~. _. S = = 
the early telescope making pionéers. Our vast selection includés a full ~~ - > SS 
range of XT Classic Dobs,.value packed PLUS-Dobs, computer-aided. : ae 
Intelliscope Dobs equipped with power saving “push-to” object? =. eee 
location, conveniently collapsible XXi-IntelliScope Truss-Tube-Dobs, fully ~ 

motorized XIg GoTo Dobs, and our XXg series of GoTo Truss Tube Dabs. ~~ vee 
Stay tuned to. see eval comes next in Orion’ S Dabsenian Revolution! 2 S83 . Sone ee 


Orion® SkyQuest™ Orion® SkyQuest™ Orion® SkyQuest™ 
XT8 Classic Dob XT8 PLUS Dob XT10g GoTo Dob 
#8045 £36479 #3974 £47999 #10135 £1,247? 


Visit OrionTelescopes.co.uk to see our full 
assortment of Dobsonian telescopes! NS 


yQ Orion® SkyQuest™ 
Ai IntelliScope® XX16g GoTo Truss 
Truss Dob Tube Dob 
#10024 £1,919°? #8968 *3,3597° 


Shark Fin Cove, Image: Steve Peters. 
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Orion® SpaceProbe™ 
130ST EQ Reflector 


way This Short Tube 
ginner” (ST) version of 
the  Spatarobe 130 is 24" 
long, compared to 33" on 
our standard 130. The focal 
length of the 130mm (5.1") 
primary mirror is 650mm (f/5), 
yielding a wide field of view 
and brighter images. Now the 
sweet: the 130mm aperture 
diffraction-limited primary 
parabolic mirror is the same 
type used on scopes costing 
much more. The EQ-2 mount 
allows you to manually track 
objects as they appear to 
migrate across the night sky. 


#9007 £230°° time 


Orion® SpaceProbe™ 
130 EQ Reflector 


Mratayat This bona-fide 130mm 

, aperture reflecting 
aaoas provides bright views of 
the cosmos. You'll be amazed at the 
great views of the cratered Moon, 
Saturn, even distant star clusters, 
nebulas and bright galaxies this 
reflector provides. 

Includes two fully coated Explorer 

11 1.25”. eyepieces: a 25mm for low- 
power viewing at 36x magnification 
and a 10mm for higher-power looks 
at 90x. The a 6x30 finder scope will 
help home in on celestial targets. 
Slow-motion controls on the 
included EQ-2 equatorial mount 
allow easy manual star tracking. 


#9851°219?° me 


Orion® AstroView™ 
90mm EQ Refractor 


The AstroView 90mm 
ro refractor’s objective 
lens is just 12.5% bigger in 
diameter than an 80mm lens, yet 
it delivers 26.5% more light to 
the eyepiece. Views of the moon 
and planets will be more highly 
resolved and a larger selection 
of brighter deep-sky objects 
will be visible. The EQ-2 mount 
lets you track targets with slow- 
motion control knobs. Standard 
accessories include 25mm (36x) 
and 10mm (91x) Sirius Pléssl 
eyepieces, a 6x30 finder scope, 
1.25" star diagonal, and tripod 
accessory tray. 


#9024 £26879 itea 


Orion® AstroView™ 120ST 
EQ Rich-Field Refractor 
ans Not all refractors 

late are designed for 
high-power probing of the 
planets. With its short focal 
length and generous aperture, 
the AstroView 120ST (“Short 
Tube”) takes refractor usage to 
new depths - as in deep sky! 
It’s designed for wide-field 
observation of nebulas, star 
clusters, and even galaxies. 
Its multi-coated 120mm 
achromatic objective lens has 
a focal length of just 600mm 
(f/5), and yields a sprawling 2.1° 
with the included 25mm Sirius 
Pléssl eyepiece. 


#9005 *558"* ine 
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|USER LEVEL| Orion StarSeeker GoTo telescopes 
present a winning combination 


USER LEVEL] Of motorized object-location 

technology and great optical 
performance at unbelievably low prices. 
Following a simple two-star alignment 
process, any StarSeeker IV telescope can 
guide you and your family to interesting 
sights on any clear night with their GoTo 
database of over 42,000 objects and handy 
"Tour" mode. Each StarSeeker IV features 
dual optical encoders on each axis of 
motion so you can aim the telescope either 
manually by hand or electronically using 
the included hand controller, without 
losing GoTo alignment. 

These GoTo scopes come with two wide- 
field 23mm and 10mm eyepieces with a 60° 
apparent field, and an EZ Finder Il red-dot 
sight for "EZ" centering of alignment stars. 
Requires 8 internally stored AA batteries 
(not included), or an included 12V DC auto- 
lighter plug allows use with an optional 12V 
DC field battery (not included). 


Orion® StarSeeker™ IV 114mm 
GoTo Reflector 
#13159 £39977 tae 


) Orion® StarSeeker™ IV 130mm 
GoTo Reflector 
#13160 £40079 


Orion® StarSeeker™ IV 150mm 
GoTo Reflector 
#13161 £472" ee 


Orion® StarSeeker™ IV 80mm 
GoTo Refractor 
#13164 £279°° eee 


Orion® StarSeeker™ IV 102mm 
GoTo Mak-Cass 


#13162 £517? ieee 


Orion® StarSeeker™ IV 127mm 
GoTo Mak-Cass 
#13163 £57599 ibaa 


Orion® StarSeeker™ IV 150mm 
GoTo Mak-Cass 


#13166 £1,009?? ite 


Orion® StarSeeker™ IV 102mm 
GoTo Mak-Cass Telescope 


This compact and easily portable GoTo Mak- 
Cass boasts a 4" aperture, f/12.7 optical tube to 
deliver sharp high-power views of the celestial 
objects its motorized mount can locate for 
you. An included 23mm eyepiece provides 
57x magnification, while a more powerful 
10mm ocular yields 130x views. The entire 
StarSeeker IV 102mm Mak-Cass weighs only 
8.5kg for easy transportability, so you can 
enjoy GoTo object location and motorized 
tracking wherever the road leads you. 


Orion® StarSeeker™ IV 150mm 
GoTo Mak-Cass Telescope 


This big, 5.9" diameter GoTo Mak-Cass boasts a 
super-long 1800mm focal length and f/12 focal 
ratio to provide exceptional, high-resolution 
views of objects in its GoTo database. 

Includes a 2" visual back, 1.25" adapter, and 
23mm and 10mm eyepieces which provide 
78x and 180x magnification, respectively. 

With its combination of motorized GoTo 
functionality, large 150mm aperture, and high- 
power f/12 optics, the StarSeeker IV 150mm 
Mak-Cass will delight the whole family. 


Questions? Live Chat available (1400-2400 GMT) 7 
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Orion® HDX110 
EQ-G GoTo Mount 
with Tripod Pier 
Offering exceptionally low, 
typically +/-3 arcsecond tracking 
without correction (PEC) and 
a massive 110-Ib. (49.89kg) 
instrument capacity, the HDX110 
EQ-G Mount offers observers 
and astrophotographers 
unprecedented accuracy for the 
price. The combination tripod 
and 5.5" (13.9 cm)-diameter pier 
provides solid support and three 
heavy-duty leveling pads are 
included. The Orion HDX110 EQ-G 
GoTo Mount requires a 12V DC, 
4A power supply. A 12V DC power 
cable with auto-lighter plug and 
threaded connector is included. 


#0011 £4,031°° tee 
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STEADY SUPPORT FORSMOOTH = 
STARGAZING 


@ Orion® HDX110 EQ-G 
GoTo Mount 


For those lucky enough to have a 
home observatory, or who already 
have a permanent pier setup or 
preferred tripod, we offer the 
HDX110 EQ-G Mount without the 
heavy-duty tripod pier. Includes 
the HDX110 EQ-G equatorial 
mount head, counterweight 
shaft, GoTo hand controller, and 
cables. Counterweights are sold 
separately. Tripod pier not included. 


#10044 £3,119-99 ieee 


Retail prices shown are current as of 
24/05/17 from Orion. Product prices include 
VAT. Prices are subject to change without 
notice. Please check OrionTelescopes. 
co.uk for the most current pricing. Dealer 
pricing and/or promotions may vary. 


© Orion® Atlas™ EQ-G 
Equatorial GoTo Mount 


The popular Atlas EQ-G mount 
supports up to 40 Ibs. (18.14kg) 
on 2" (50.8 mm)-diameter 
stainless steel legs. You can 
select from over 42,000 objects 
and command the mount to find 
them. The Atlas EQ-G sports a 
dual-width dovetail attachment 
saddle that accepts both narrow 
and wide mounting plates, and 
includes an RS-232 interface 
cable, two 11-lb (4.98kq). 
counterweights, illuminated 
polar-axis scope, and 33.02cm 
dovetail mounting plate. 
Requires external 12-volt DC 
power source or AC-to-DC wall 
adapter. 


#9996 £1,271°° itme 


@ Orion® Atlas™ Pro AZ/ 


EQ-G GoTo Mount 


This three-in-one smart mount 
not only operates in equatorial 
GoTo mode, but also in an 
Altazimuth GoTo & Tracking 
mode while holding one or 
even two different telescopes. 

The Atlas Pro AZ/EQ-G will 
carry a 44-pound (19.95kg) 
payload. It's belt-driven 
stepper motor drive system 
can locate over 42,000 objects 
with tracking precision of 
0.1436 arc-second steps. 
Includes 12-volt DC power 
cable. Requires external 12V 
DC power source. 


#10010£1,83 1°? gaa 
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© Orion® Sirius” Pro AZ/EQ-G 
GoTo Telescope Mount 


Rock-solid telescope support and precise 
tracking performance in an amazingly 
portable GoTo mount! The Orion Sirius Pro 
AZ/EQ-G Mount operates in equatorial 
GoTo mode holding a single telescope 
weighing up to 30 Ibs. (13.6kg) or in 
altazimuth GoTo & tracking mode with one 
or two telescopes attached side-by-side. 
The Sirius Pro's whisper-quiet, belt 
assisted stepper motor drive system can 
locate any of over 42,000 celestial objects 
from its GoTo database. Closed-loop 
electronics feature two sets of optical 
encoders per axis of motion, meaning 
once you perform an initial alignment you 
can manually aim the attached telescope 
towards a new target and the mount will 
still know where it's pointing in the sky. 


#10088 £1,257” ime 


© Orion® Sirius” EQ-G 
Equatorial GoTo Mount 


The Sirius EQ-G supports up toa 
30 Ib. (13.6kg) load for all your visual or 
astrophotographic applications. 

Select from over 42,000 celestial 
objects using the intuitive menus on 
the hand controller, or take a tour of 
the finest celestial showpieces. The 
internal dual-axis stepper motors slew 
your attached telescope precisely at up 
to 3.4° per second. The included tripod 
is remarkably sturdy, as evidenced by 
the 1.75" (4.44cm) -diameter stainless 
steel legs. Includes an illuminated 
polar-axis scope, 8.3" (21cm) dovetail 
mounting plate, and one 11-Ib (4.98kg). 
counterweight. The Sirius EQ-G GoTo 
Mount requires a 12-volt DC power 
source or AC-to-DC adapter. 


#9995 *1,0387° te 


@ Orion® StarSeeker™ IV GoTo 
Altazimuth Mount & Tripod 


This user-friendly mount boasts a state- 
of-the-art GoTo object location system 
with internal motors and a computerized 
database of over 42,000 celestial objects 
to explore. A quick-release narrow dovetail 
saddle makes telescope attachment nice 
and easy, and the slanted single-arm 
altazimuth design provides attached 
telescopes with horizon-to- zenith pointing. 
After an initial two-star alignment 
process, dual optical encoders on each axis 
of motion allow you to manually reposition 
an attached telescope without recalibrating 
the GoTo system. Powered by 8 internally 
stored AA batteries (not included), external 
12V DC field battery, or AC-to-DC wall plug 
adapter optional. Supports telescopes up 
to 13 lbs. (5.89kg). 


#13165 £3769? thee 


Call us 00-800 8989 0123 (1400-2400 GMT) 
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Many amateur astronomers 
are drawn to take pictures 
of the sparkling night sky 
through their telescope. 
Astrophotography is a great 


Orion® StarShoot™ 5 MP Orion® StarShoot™ 


Orion® SteadyPix™ Pro HOT, 
Solar System Color Camera G3 Deep Space PRODUCT 


way for astronomy enthu- Universal Camera/ 

os hails Smartphone Mount The Orion StarShoot 5 MP Solar Imaging Cameras SKY 
of the night sky with family ; gare a i ; daa! 
sadinends Whatsinore, This bracket securely holds System Color Camera is built Available for either color or 
astrophotos reveal features your point-and-shoot camera around a big, 5-megapixel (2592 monochrome imaging, our 

and colors that cannot be or smartphone (with included x1944) one-shot color imaging third generation of inexpensive, 
seen when looking through a smartphone holder) up to your sensor which has super-small entry-level cameras provide 
telescope visually. Explore our telescope’s eyepiece so you 2.2 x 2.2 micron pixels perfect an affordable introduction to 
growing line of modern and can easily capture impressive for capturing highly magnified astrophotography. Their wide 
affordable astrophotography pictures. The included exposures of the Moon and exposure range allows for lengthy 
equipment on these pages smartphone bracket grips planets. Its fast capture rate of up exposures of deep space objects. 
and at OrionTelescopes.co.uk, phones up to 3.15" (80mm) wide to 50 frames per second lets you 

and discover how easy it can and of any length. capture even the most fleeting StarShoot G3 Color ra 

be to start taking your own #5306 £55°" meme moments of good seeing. 453082 £397°" 

celestial snapshots! #52097 £21676 ix 


StarShoot G3 Mono ia 
#53083 £397°" 


We Can Guide Youlo Better Astropholos 


Orion® StarShoot™ AutoGuider Pro 
Mono Astrophotography Camera 


This highly sensitive monochrome imaging device is primarily designed for precise 
autoguiding, but it also performs as a high-quality solar system camera. Boasting 
an astounding 74% quantum efficiency, the StarShoot AutoGuider Pro will literally 
“guide” you to capturing more precise astrophotos, and it features a built-in ST-4 
port. The frame rate of up to 200 frames per second ensures great results. It comes 
with a host of useful items including a filter-threaded 1.25" nosepiece, parfocal ring, 
USB cable, secure RJ-11 autoguider cable, and a foam-lined tin case. 


#52031 £3629" ina 


Orion® Mini Deluxe Pro AutoGuider Package 


Designed for use with imaging telescopes up to 1500mm in focal length, this com- 
plete autoguiding package includes everything you need to ensure precise tracking. 

The included StarShoot AutoGuiderPro is an extremely sensitive monochrome 
guide camera with high 75% quantum efficiency. This affordable package also 
comes with our f/3.2 Deluxe Mini 50mm Guide Scope. The whole package attaches 
to your imaging telescope just like a finder scope. 


wool £45579 tae 


Orion® StarShoot™ AutoGuider Pro & 60mm Guide Scope Package 


With the highly sensitive StarShoot AutoGuider Pro Mono and Orion 60mm Multi- 
Use Guide Scope with Helical Focuser, this complete autoguiding package will 
make it easy to add the accuracy of guided tracking to any astrophotography setup. 
The included StarShoot AutoGuider Pro's exceptional 74% quantum efficiency and 
sensitivity make it a perfect match for the versatile 60mm Multi-Use Guide Scope. 


#21405 £5299 ieee 


10 Questions? Live Chat available (1400-2400 GMT) 


Orion® Premium 190mm f/5.3 Maksutov-Newtonian Astrograph 


bee LeveL| Our 190 “Mak-Newt” Astrograph Telescope, with flat-field, coma-suppressed 
LoS optics, will deliver stunningly crisp and colorful images of deep-sky 
phenomena to the eyepiece. From there, an all-machined dual-speed 2" Crayford 
focuser with 11:1 fine focus control, will provide smooth motion and secure support 
for cameras and other heavy visual accessories. The 190mm Maksutov-Newtonian 
optics provide tremendous resolution in a fast f/5.3 design. The 7.5" (190mm) aperture 
ensures plenty of light-gathering in order to capture superb images of even the faintest of 
deep-sky gems. The primary mirror and meniscus lens are secured in place by three radially 
positioned nylon-tip set screws, to prevent any possibility of slippage or shifting. The 37.5" 
(95.25cm) -long metal tube contains five knife-edge baffles for exceptional contrast. The included 
focuser extension adapter allows visual astronomers to enjoy sharp, high-contrast views. 


49978 £1,439 ime 


Orion® 10" f/3.9 Newtonianm Astrograph Reflector 


The Orion 10" f/3.9 Newtonian reflector astrograph boasts 10" parabolic primary 
SEES optics with a fast f/3.9 focal ratio for exceptional deep-space imaging. Even especially 


faint galaxies and nebulas can exhibit stunning detail when photog raphed with a CCD imager 
or DSLR camera. The optical design is optimized to provide 100% illumination across an entire 
APS-C size imaging sensor. Extended tube length in front of the focuser and 13 internal baffles 
ensure optimum image contrast. An optional coma corrector is recommended to achieve flat- 
field imaging performance. Includes two cast aluminum tube rings, dovetail mounting bar (not 
shown), 9x50 finder scope, 2" (50.8mm) and 1.25" (31.75mm) extension adapters, and a 12V DC 
fan for accelerated cooldown. 


#8296 660°! 


Orion® ED80T Carbon Fiber Triplet Apochromatic Refractor 


rae With an 80mm aperture triplet objective featuring FPL-53 extra-low dispersion 
Lo wind glass, views and images captured with the Orion ED80T refractor come through 
true to color and exhibit tack-sharp resolution. With a focal length of 480mm (f/6.0), its fast 
unobstructed optics yield detail-rich visual views. The relatively small size and light weight 
of the refractor telescope makes it perfectly portable for escapades to dark-sky locations for 
either visual or photographic expeditions. 

The carbon fiber refractor tube makes the ED80T CF a lightweight luxury to transport and 
mount. The precision machined Crayford-style telescope focuser provides dual-speed (11:1) 
focus adjustment perfect for dialing in delicate details. Included hard case with custom die- 
cut foam interior for storage and safe transport. 


#9534 *88938 Bee 


Orion® Ritchey-Chrétien Astrograph Telescopes 


The compact Ritchey-Chrétien design utilizes hyperbolic primary and secondary 
BESS mirrors to achieve wonderfully flat images that are virtually coma-free with 


pinpoint star clarity. Enhanced aluminum coatings on both the primary and 
MES secondary mirrors of Orion RC's provide 94-96% reflectivity with a protective 
quartz overcoat. Each RC Astrograph features a machined, dual-speed (10:1) Crayford focuser 
with an engraved millimeter scale on the drawtube. One 2" (50.8mm) and two 1" (31.75mm) 
focus extension rings are included with each RC. 

The 6" (152mm) RC optical tube features a narrow "Vixen-style" dovetail mounting bar 
for trouble-free setup on medium-size equatorial mounts. The 8" (203mm) RC has one 
wide "Losmandy-Style" dovetail bar on its underside, and a narrow bar along the top of 
the telescope tube. The big 10" (254mm) Orion RC features three built-in fans to reduce 
cool-down time, and two wide dovetail bars attached to the top and bottom of the nm 
tube for attachment to heavy-duty equatorial mounts. SS 


~ 


Orion® 6" f/9.0 Ritchey- Orion® 8" f/8.0 Ritchey- Orion® 10" f/8.0 Ritchey- 
Chrétien Astrograph Chrétien Astrograph Chrétien Astrograph 
#8268 “487° ee #8267 £94979 Bie #8266 *2,437°° ita 
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ENHANCE YOUR OBSERVATIONS 
WITH ORION ACCESSORIES 


Our extensive assortment of affordable astronomy accessories will help you get the best performance from your 
telescope each and every night. From eyepieces to padded cases, Orion has everything for the amateur astronomer! 


Eycpleces Alers 

Using several different focal length telescope eyepieces Moon, planetary, and light pollution filters for telescope 
provides a range of magnification options. Since eyepieces selectively block and transmit portions of 
eyepieces can have different eye relief, lens designs the visual spectrum to enhance features and details of 
and field-of-view sizes, we encourage you to explore celestial objects. More specialized narrow-band filters 
our thorough assortment of eyepieces to find the allow astrophotographers to optimize images. 

best oculars to enrich your stargazing hobby. 


Orion® Stratus™ Wide-Field Orion® 1.25" Basic Set of 
1.25"/2" Eyepieces Four Color Filters 


£136°3 £153"? #5514 ©4259 


Barlow Lenses Solar Alters 


A Barlow lens boosts the magnifying power of any Our safe full-aperture glass and film solar filters are 

compatible telescope eyepiece. Popular 2x Barlow designed to cover the entire front of a telescope so you 

lenses double the magnifying power of a telescope can enjoy viewing the Sun and interesting phenomena 

eyepiece, while other more specialized Barlow lenses like sunspots, eclipses, transits and more. CAUTION: 

increase magnification by a factor of 3 or more. Never look at the Sun, even for an instant, without a properly 
fitted solar filter, or serious eye damage can occur. 


Orion® Shorty™ 1.25" Orion® Full-Aperture Glass 
2x Barlow Lens ft Telescope Solar Filters 


#8711 £3990 £7427 be £17777 each 


ORION Telescope House | *7-°° FLAT-RATE SHIPPING 


Edenbridge, Kent no minimum order* 


" teh A: S E D boc FREE SHIPPING 


www.telescopehouse.com on orders of £100 or more* 
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Diagonals 


Use a diagonal in a refractor or Cassegrain telescope 


to bend the light path for a more comfortable viewing 


position. Some diagonals re-orient the view through 
a telescope to match your observing preferences. 
Diagonals are not recommended for use with 
Newtonian reflector telescopes. 


Orion® 1.25" (50.8mm) 
Dielectric Mirror Star Diagonal 


#8880 £8323 


Padded Telescope Cases 


Protect, store, and transport your valued telescope 
and/or mount safely with a specially designed 
case from Orion. Our extensive assortment of 
rugged cases are made with padding sewn into 
the inner lining for extra protection. 


Orion® Padded Cases for 
Telescopes & Mounts 


£7762 _ £36530 


Tas > 


Visit OrionTelescopes.co.uk today to browse our entire 
assortment of affordable astronomy accessories and learn 
more about value-packed accessory kits, useful Scope Cloak 
covers, helpful star charts, guides and much much more! 


Since 1975, our commitment to quality, service and support has made Orion your 
one-stop source for affordable amateur astronomy gear. We're proud to continue our 
tradition of helping our curious customers discover the joys of stargazing with our 
growing assortment of telescopes, binoculars and astronomy accessories. 


Finders 

A finder scope or similar aiming device helps you accurately 
aim your telescope so you can enjoy astronomical views. Orion 
carries a variety of affordable “red-dot” reflex-sights, magnified 


finder scopes, specialized right-angle correct-image and 
illuminated-crosshair finder scopes. 


Orion® 9x50 Illuminated 
Right-Angle Cl Finder Scope 


#7020 £11925 


Accessory, Cases 


Keep your eyepieces, Barlows, Filters, and other 
astronomy gear ready for stargazing action in an Orion 
Accessory Case. These foam-lined cases will keep your 
accessories organized, clean and safe so you can enjoy 
them night after night. 


Orion® Deluxe Medium 
Accessory Case 


#5958 £3723 


Orion® 1.25" Premium 
Telescope Accessory Kit 


#8890 £159>° 
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Orion® Astronomy Binoculars 


* Our amazingly affordable Astronomy 
Binoculars have been designed to provide peak 
viewing performance. Their large aperture 

ve ; Gianeview : means gathering-plenty of light for extensive 

a Binoculars z astronomical exploration. High quality BAK-4 
includeasturdy, ©Drion® Giant View" 25x100 Binoculars porro prisms and anti-reflection multi-coatings 


foam-lined hard | FIRES same night sky, all right. But with ourjumbo on every air-to-glass surface ensure as much 
ee es Giant View binoculars, you'll see it like never before. . light as possible reaches MOSS views Es full 
es anaeere Their large-aperture, fully multi-coated optics provide Of detail. The 15x70 model includes a tripod 
“ exceptional light gathering capability for stargazing. Ladapter, and the 20x80 features a built-in 
The BAK-4 prisms and internal baffling ensure heavy-duty tripod adapter for easy attachment 
sharp images and pleasing contrast. The eyepieces to afield tripod or binocular mount. Tripod 
focus individually, which affords a higher degree of use is highly recommended for long viewing 
focusing precision than center-focus mechanisms. sessions with these big astronomy binoculars. 
—— 15x70 Astronomy 20x80 Astronomy 
25x100 Giant View ¢ Binocular ¢ Binocular ¢ 


£ 82 2s en ce 
#9326 *360°° i #51463 £84" wae #51464£12437 moa 


Orion® Monster Parallelogram Binocular Mount & Tripod 


Our Monster Parallelogram is specifically designed for use with gigantic 

astronomy binoculars, and will provide hour after hour of comfortable 

viewing and silky-smooth motion control. It can support giant astronomical 

binoculars weighing up to 15 pounds (6.8kg) with up to 100mm-diameter 

objective lenses. Since balance is vital for such large binoculars, the Monster 

Parallelogram Mount boasts six degrees of motion to make balancing 

easy and accurate. Two 11-pound (4.98kg) counterweights are included. 

This crowd-pleasing mount'’s parallelogram design can be used to raise 

and lower attached binoculars without disrupting the aim, which is a lifesaver : 

‘ i is ‘ ‘ i Includes a sturdy dovetail L-adapter 
when stargazing with family and friends of varying height, so each person can read eatin Ganon Raa 
enjoy the view of the same object. You can position attached binoculars up to big binoculars. Binoculars not included. 
6' (1.89m) and as low as 2'6" (0.76m). Includes anodized L-bracket for binocular 
attachment, convenient handle for easy slewing, and assembled tripod. 


#5752 £451°> ff 


Orion® 10x42 Waterproof Monocular Orion® Planetary & Lunar 


With a big, 42mm objective lens and 10-power magnification, this Explorer Accessory Kit 
compact and portable monocular will let you enjoy magnified views of This affordable accessory kit will help you 
distant wildlife, birds, scenery, sporting events, and even the Moon make the most out of planetary viewing 
without packing a lot of bulky equipment. — sessions with a telescope. Includes Orion 
What’s more, its rugged, rubber- ‘ Set of Four Color Telescope Filters, 7.5mm 
armored body and waterproof / ' Orion Sirius Plossl eyepiece, Orion Shorty 
construction make the Orion 2x Barlow Lens, and the Orion Beginning 
10x42 Monocular ideal for use in ° Stargazer’s Toolkit. 
virtually any weather conditions. #20572 £1208© 


#8431 £4.83° 


14 Visit OrionTelescopes.co.uk 


SHARP VIEWS 
SERVED DAILY 


@ Orion® 10x50 Wide-Angle 
UltraView™ Binoculars 


The UltraView’s feature a much wider field 

of view (6.5°) than standard 10x binoculars. 
Excels for high-power astronomy, longdistance 
nature observation, and hunting. 

This binocular’s cast alloy metal construction 
holds up admirably under extensive field 

use. Black rubber armoring protects the 
binocular against bumps and scratches. 


#9351 £161°° Ee ® 


@ Orion® GrandView™ 16-48x65mm 
Waterproof Zoom Spotting Scope 


With fully multi-coated optics packed into 

a durable waterproof housing, the Orion 
GrandView spotter will amaze you with crisp 
views. It provides zoom magnification from 
16x all the way up to 48x and features a big, 
65mm objective lens. It even sports a nifty rail 
mount for an Orion EZ Finder Deluxe Il reflex 
sight to aid in aiming. (Finder sold separately.) 


#52205 *88 tee 


#51647 


@ Orion® ShoreView™ Pro 
Waterproof Roof Prism Binoculars 


With substantial, 42mm objective lenses, 
these binoculars collect a good amount 

of light in order to produce clear, detailed 
daytime views. Lightweight and pleasantly 
portable, ShoreView Pros are easy to pack 
along as you explore the outdoors, and 
since they’re waterproof, you won't have 
to worry if you get caught in the rain! 


Orion 8x42 
ShoreView Pro WP 


eo 
#51647 64°! eae 


Orion 10x42 
ShoreView Pro WP 


#8449 £6957 ita 


© Orion® StarBlast™ 62mm 
Compact Travel Refractor 


Get great views wherever you go with 

the portable Orion StarBlast 62mm 
Refractor! During the day, the included 45° 
correct-image diagonal makes it a perfect 
high-quality spotting scope. At night, the 
advanced 4-element, high resolution, 
fully multicoated f/8.4 optical design lets 
you enjoy great views of starry skies. 


#10149 £32027 Eee 


® Orion® Resolux™ Waterproof 
Astronomical Binoculars 


Professional quality Resolux binoculars are 
fully waterproof and nitrogen purged to 
prevent internal lens fogging. The extra-large 
BAK-prisms and advanced multi-coatings on all 
optical surfaces really drink in the light. 

The Resolux’s all-metal housing is 

armored with thick rubber to ensure a 

secure, comfortable grip. Each binocular 
comes with lens caps, heavy-duty 

tripod adapter, and neck strap. 


7x50 Resolux ® 

#9543 £2583 iiee 
10.5x70 Resolux ® 
#9545 *381>> ite 


15x70 Resolux ® 
#9546 £381°° ime 


© Orion® Apex™ 90mm Mak-Cass 


A terrific grab-and-go or travel spotter. Its 
1250mm focal length (f/13.9) yields 50x 
magnifying power with the included 25mm 
Pldssl eyepiece. The finder scope is a 6x20 
correct-image. Weighs 3.7 lbs. (1.67 kg) Tube 
length, 10" (25.4 cm). 


#9820 £1919? ita 
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ADVERTISING FEATURE 


For over forty years, Orion has proudly offered a vast assortment of high- qualify 
affordable astronomy gear to our valued customers. Whether you're looking for 
a complete telescope setup, or an addition to your collection of useful stargazing _ 
accessories, we have everything you need at great prices. 


Orion® SteadyPix™ Pro Universal 
Camera/Smartphone Mount, 1.25" 


#5306 *55°! 


Orion® 1.25" Telescope 
Accessory Kit 


#8889 £972> 


Orion® 1.25" Twist-Tight 
Dielectric Mirror Star Diagonal 


#40901 £125'5 


ht 4-fement Bai 


Orion® 9x50 Illuminated Right-Angle 
Cl Finder Scope 


#7020 £1192° 


Orion® Mini Giant™ 15x63 
Astronomy Binoculars 


#9466 £235°6 


Orion® High-Power 1.25" 3x 
4-Element Barlow Lens 


#8707 £11972 


Orion® SpaceProbe™ 
130 ST EQ Reflector 
Telescope 


#9007 £230°° 


Orion® Ultrablock™ 
NarrowBand Filter 


#5654 *867> 


Orion® StarMax™ 90mm 
TableTop Mak-Cass Telescope 


#10022 £1677? 


on orders of £100 or more* no minimum order* 


ORION AUTHORISED DEALER We're here to help. Call us 00-800 8989 0123, _ 
; igh aoee er ey rca ioeua acta or Live Chat with our representatives (1400-2400 GMT) 
Telescope House | Edenbridge, Kent 01342 837 098 Retail prices shown are current as of 06/04/17 from Orion. Product prices include VAT. 
( Prices are subject to change without notice. Please check OrionTelescopes.co.uk 
sales@telescopehouse.com | www.telescopehouse.com for the most current pricing. Dealer pricing and/or promotions may vary. 


